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Introduction
The advancement of digital imaging technology 
in society is occurring at a rapid pace, with digital 
cameras having greater resolution, increased 
storage capacity, improved functionality, reduced 
size, and increased portability. The number of 
CCTV cameras in both public and private places 
is increasing rapidly as costs decreases and utility 
increases. Additionally, mobile phone cameras, 
dash cameras, and action cameras are often at 
the ready to capture events as they take place in 
our everyday lives. Many significant events are 
recorded by camera every day across the world 
and often posted to social media or provided to 
mainstream media within minutes.  

Law enforcement often relies on digital 
image evidence captured by the community 
and via police body-worn cameras to assist 
investigations. Whilst the images (still or 
video) from the cameras can add value to an 
investigation, they may be limited in spatial 
context by being two-dimensional and 
restricted to the view from the position in 
which it was captured.  In some instances, the 
view and perspective of the footage may also 
be misleading, giving a potentially unrealistic 
distorted view of the lighting conditions, object 
size, and distances between objects [1].  Some of 
the limiting aspects of two-dimensional video 
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With increased improvements in digital imaging technology and their rapid uptake and use in everyday life, 
the general public are often recording day to day events as they happen. Law enforcement agencies have also 
increased the use of body-worn cameras to capture events. Combining 3D laser scan data of a scene with 
the image or video frame taken at the time of a crime or incident may provide information on the position 
and orientation of a camera at the time of recording, adding value to a police investigation by providing 
additional situational and spatial context. This project examined the accuracy of the place in 3d function 
in FARO Scene to position an image or video frame from a non-fixed camera in 3D space at the time it was 
captured. Placement of the camera was accurate to approximately 22 mm, with similar levels of accuracy 
observed across all camera distances, locations, and camera types tested. 
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and images include the image sensor size, light 
sensor sensitivity, lens aperture, focal length, 
lens distortion, and field of view. Additional 
problems can occur with video frame timing 
where frames can be dropped or skipped 
altering what was actually recorded [2].  

Having the ability to position a camera in the 
scene at the time the image or video footage was 
recorded could add value to an investigation 
by providing additional situational and spatial 
context. Estimating the camera position may be 
possible via several different options including 
eye-witness accounts, cross-referencing other 
videos or photographs, global positioning 
systems (GPS), and/or photogrammetry. 
Although the simplest option is to rely on 
witness accounts, this may be subject to high 
levels of uncertainty and scrutiny, especially if 
there is a lack of corroborating physical evidence 
to support a witness account. The cross-
referencing of images or footage to position 
different cameras may be affected by distortion, 
frame skipping, or perspective issues. 

Many of the portable digital cameras on the 
market today contain the option of GPS, either 
as standard or an additional extra, and can 
tag the image or video to a location. The GPS 
devices within smartphones such as the iPhone 
are often consumer grade and their accuracy 
can be uncertain and reliant on either one or 
a combination of satellite positions, cellular 
data, or WiFi [3].  Merry & Bettinger [4] report 
the  horizontal position accuracy of GPS in an 
iPhone 6 was between 7 and 13 metres in the 
open urban environment which in their case 
was a university campus with typical open 
spaces, buildings, structures and connectivity 
(including WiFi) found in towns and cities. 
This is consistent with consumer grade GPS 
accuracy studies in an open environment [5] 
with studies estimating average horizontal 
positional accuracy of between 5 and 15 metres 
[6] , although positioning may extend up to 29 
metres away from the true position [7]. In the 
case of the Axon Body 2 body-worn camera 
utilised by many policing organisations, there 
is a reliance on the camera being paired via 
Bluetooth to a mobile device and the location 
tracking being activated for the Axon View 
application. Axon View sends location data 
every 15 seconds or less to the camera and only 
if the accuracy is within 400 metres and if there 
is a greater than 20 metre change in position [8]. 

For a dynamic situation this level of accuracy 
may be insufficient to reconstruct events with 
precise positioning. Whilst combining the GPS 
data and physical reference points in the image 
provide an estimate of the original position of 
the camera, the degree of error and uncertainty 
may be considerable and therefore provide 
limited value to an investigation.  

Photogrammetry has been a widely used 
process in a forensic context for many years, 
most commonly in determining suspect 
height, vehicle speed, and object positions 
[9]. In recent years there has been additional 
research conducted determining the accuracy 
of combining photogrammetry processes with 
data obtained by 3D laser scanning in such 
areas as height determination [10,11] and 
collision reconstruction [12,13]. The study of 
Meline & Bruehs [11] in particular compared 
the traditional method of reverse projection 
photogrammetry to using point cloud data 
from 3D laser scanners in the photogrammetry 
process. Their results found that the traditional 
method of reverse projection photogrammetry 
was marginally more accurate than the method 
using data from the 3D laser scanner, but the 
study focused on images taken from a fixed 
camera not a portable camera. The results 
of the study and those of Johnson and Liscio 
[10] discussed the limitations of the known or 
potential error rates using the determination of 
the suspect heights rather than the position of 
the camera.  

3D laser scanning technology is rapidly 
improving and has been widely adopted by 
law enforcement organisations worldwide to 
document and record crime scenes [14].  It had 
already been applied to numerous other fields 
including surveying, mining, manufacturing, 
archaeology, and engineering, providing highly 
accurate and photorealistic three-dimensional 
measurement data. 3D laser scanners are 
restricted to capturing the data either pre- or 
post-event and have several known limitations 
especially recording areas involving volumes of 
water and areas with highly transparent and/or 
reflective surfaces. However, the accuracy of 3D 
laser scanning in a variety of forensic contexts 
has been widely reported and studied. Research 
using ground-truth known scenes and evidence 
has been conducted to validate the accuracy 
and integrity of the 3D data as well as forensic 
applications to bloodstain pattern analysis 
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[15,16,17], ballistic trajectory determination 
and visualization [18,19,20], collision recording 
and reconstruction [21, 22, 23], clandestine 
grave documentation [24], and other crime 
scene reconstruction applications incorporating 
physical evidence [1,25,26,27].

Linking video frames or images to 3D 
laser scan data can potentially assist with an 
investigation by providing additional three-
dimensional context to the two-dimensional 
digital video frame or image [1]. Mapping 
3D laser scan data and digital images using 
commercial products, like FARO Scene, has 
been utilised in placing images on a 2D surface 
for bloodstain pattern analysis [15,16,17] as well 
as combining with 3D measurement data for 
crime scene reconstructions and suspect height 
analysis [10]. A number of the techniques 
mapping the image into 3D space have relied on 
the camera being fixed, such as a CCTV camera 
on a wall of a building or room and have focused 
on the position or measurements of objects 
or persons in the recordings rather than the 
position of the recording camera itself. Terpstra 
et al [11] studied the accuracies of single image 
camera matching photogrammetry techniques 
comparing numerous different methods 
from manual to automated photogrammetry 
processes including the use of 3D point cloud 
data recorded by a FARO Focuss 350 scanner. 
This study however focused on the accuracy of 
the evidence placement in the images rather 
than determining the position of the camera.   

The methodology of utilising laser scanning 
and photogrammetry for non-fixed cameras 
has been utilised in forensic case work in recent 
years [1]. Raneri [1], in particular, discussed 
the applications of the methodology to a 
police shooting case where video footage from 
a witness helped position the police officer 
and armed suspect at the time the weapon 
was discharged. The method was further 
applied the methodology to another case to 
position and determine the speed of a taxi by 
using six images from its CCTV camera in a 
fatal collision investigation1.  However, when 
utilising methods for casework it is critical that 
measurement uncertainties and the method 
accuracy are known.    

To the best of the authors’ knowledge, no 
published studies are available which utilise 
ground truth known data to estimate the 
position and orientation of portable cameras 

using automated photogrammetry with point 
cloud data and calculate placement uncertainty. 
There are several valid applications to forensic 
casework and police investigations, such as 
positioning a police issue body-worn camera 
in the position it was in the 3D space at the 
time a shooting occurred. Such a process would 
not only provide the position of the camera 
but also provide context of its surrounds such 
as proximity to fixed objects such as a wall 
preventing an officer from retreating from an 
armed offender. The uncertainty data could 
potentially be utilized in extensions of the 
process including height determination and 
crime scene reconstructions.

The purpose of this research was to determine 
the accuracy of the camera position using the 
FARO Scene place in 3d function for images/
video frames taken by four common cameras 
(GoPro, iPhone X, Nikon DSLR and Axon 
Body 2 body-worn camera) scanned in known 
positions. It was not the intention of the authors 
to review or analyse the background workings 
and theory of the FARO Scene place in 3d 
tool, rather just test its practical application 
and accuracy. The results of the study will 
determine the validity of this technique and 
provide another tool for forensic investigators 
in the future.

Materials and Methods
Scene and image recording 
Table 1 shows details of the four cameras that 
were set up on tripods at approximately 1.5 
metres in height. 

At each scanning location, four set distances 
(2.5 m, 5.0 m, 7.5 m and 10 m) perpendicular to an 
arbitrary target surface such as a wall, post, or tree 
were measured and marked. The tripod mounted 
cameras were placed approximately 1 m from 
each other perpendicular at the appropriate target 
distance. A FARO FocusS 150 laser scanner was set 
up on a tripod with FARO’s default Outdoor Near 
(‘Up to 20 metres’) setting with 1/5 Resolution, 4x 
quality, horizon weighted metering, sensors (GPS, 
altimeter, compass, and inclinometer) all ‘On’. The 
area recorded was vertical 90° to -60° (a total of 
300°) and horizontal 0° to 360°. A NIST-traceable 
1.5 m FARO scale bar was set up on the Nikon 
DSLR camera’s tripod. The atmospheric conditions 
including temperature were recorded during the 
scanning process. 
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The four cameras were scanned with the 
FARO FocusS 150 in their known position from 
three different scan locations (two in front of 
and one behind the four cameras). The Nikon 
D850 camera’s lens cap was left on during the 
scanning to assist with measuring the end of 
the lens with the 3D laser scanner. Each scan 
on the FARO FocusS 150 scanner was visually 
verified after each recording. Following the 
scans with the FARO FocusS 150, each of 
the cameras were activated from their known 
position. Approximately 10 to 30 seconds of 
video footage was recorded on the GoPro and 
Axon Body 2 cameras. A still image was taken 
using the iPhone X and Nikon D850 cameras. 
After each recording the video and still images 
were visually verified.

The process was repeated at the four distances 
and across four open outdoor locations 
(Figure  1). The four locations were chosen as 
open environments that could replicate scenes 
in which crime events could take place with 
slight differences in terrain and numerous fixed 
landmarks for cross referencing. A total of 64 
recordings (32 image and 32 video) and 48 
scans were collected across the 16 combinations 
of distance and location. 

Image processing and processing of 
point cloud data
The video footage from the GoPro and Axon 
Body 2 cameras were imported into Adobe 
Photoshop Creative Cloud 2018, with a single 
frame selected from a representative section of 
footage. Both cameras had wide fields of view 
(Axon Body 2: 143° field of view; GoPro Hero 
3+ Silver: 127° field of view) and therefore 
created non-linear images. The lens distortion 

was corrected prior to exporting the image 
files using the lens correction function in 
Adobe Photoshop Creative Cloud 2018. The 
lens distortion filter cropped some of the still 
frame images from the GoPro and Axon Body 
2 cameras (Figure 2). Lens correction for the 
Nikon D850 images was also required due to 
the 26 mm focal length for the Nikkor 24-
70 mm 1:2.8G ED VR lens. 

A project was created for each of the four 
locations in FARO Scene [26]. The relevant 

Figure 1: Aerial views of the four outdoor locations 
in which the study was conducted.

Camera Make Model Lens & Image Settings

1 Nikon D850 Lens - Nikkor 24-70 mm 1:2.8G ED; 
Image setting - JPEG quality ‘Large’ and ‘Fine’, focal length 26 mm*, 
‘Aperture Priority’ mode at f/11, spot metering

2 Apple iPhone X Rear camera aperture f1.8, 12 MP, image specification/dimensions - 
width: 3024 pixels and height: 4032 pixels

3 GoPro Hero 3+ Image setting - frame width 3840, frame height 2160, frame rate 
14.98 frames/second, medium 127o field of view

4 Axon Body 2 Image setting - frame width 848, frame height 480, frame rate 29.97 
frames/second and 143o field of view

*26mm was set in error but maintained throughout study. 

Table 1: The cameras used in this study.
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scans for each location (12 per location, 3 
scans per distance increment) were imported, 
processed, and registered, with a cluster set up for 
each distance increment within each location. A 
Project Point Cloud for each of the four outdoor 
locations was built using the scans from each 
distance and the default FARO settings (Figure 
3). The measurement uncertainty associated 
with the scanning process was estimated by 
measuring the distance between the spheres 
on the FARO scale bar within the scan and 
comparing to the known and certified distance. 

Placement of images in 3D
The images and still video frames from the four 
cameras were imported into the FARO Scene 

project and converted into virtual scans. An 
area of ground in proximity to the camera was 
selected and used as the ground plane, enabling 
the virtual scan to be positioned along this plane 
using the place in 3d function within the FARO 
Scene program. 

An even distribution of approximately 12 to 
15 corresponding points between the virtual scan 
and the scan were selected, focussing particularly 
on the areas of the virtual scan covering all three 
dimensions (Figure 4). In the virtual scan, a point 
that was located at the bottom and centre of the 
image near the base of the tripod was selected to set 
the Foot Point as a placing point. The positioning 
of the virtual scan in the 3D environment was 
then confirmed visually (Figure 5).

Figure 2: Views of the Axon Body 2 body-worn camera still frame image from Location 2 and 10 m A) pre-
correction of lens distortion; B) post-correction of lens distortion with evident cropping. 
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Figure 3: Combined point cloud of Location 2 with the four cameras at the four distances. A) Aerial rear 
view; B) Birdseye view. 

Figure 4: Associating points between the scan camera image and the planar view. 
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Determining the displacement 
between virtual and known camera 
positions
A virtual camera was used within the FARO 
Scene program to indicate the estimated 
position of each camera from which the virtual 
scan was taken (Figure 6). When selected, the 
virtual camera showed the pinhole position 
represented by the junction of the red, blue and 
yellow lines with the virtual scan projected in 
the point cloud (Figure 7).

No documentation could be found or 
provided by FARO regarding the theory behind 
the Placement in 3D function. Through personal 
communication with a FARO representative, it 
was discovered that the FARO Scene program 
assumes a simplified model of a distortion-
free pinhole camera, without specifying any 
information about the physical properties of 
the camera that took the image (Faro Inc., 
personal communication 18 September 2019). 
As such, a number of assumptions regarding 
the program and cameras had to be made to 
determine the extent of displacement between 
virtual and known camera positions. First, an 
assumption was made that the junction of the 
x, y, and z coordinates at the rear of the virtual 
camera icon relates to the pinhole in a pinhole 
camera (red, green and blue line intersection 
in Figure 7a-c). It is acknowledged that the 
camera focal point, or optical centre, may be 

the most accurate point to measure to and from 
with regard to the pinhole theory. However, 
due to the absence of camera and lens technical 
specifications, the following assumptions with 
regards to the four cameras were made in order 
to simplify the taking of measurements: 

i. that without technical specifications from 
Axon (requested but not provided), a 
suitable location to measure to and from 
on the known position of the Axon Body 2 
body-worn camera would be the lens on the 
front of the device and any difference due 
to its small size would be minimal;

ii. in absence of specific technical specifications 
of the iPhone camera lens, that a suitable 
location to measure to and from on the 
known iPhone position would be the 
camera lens on the rear of the phone and 
any difference due to its small size would 
be minimal; 

iii. that a suitable location to measure to 
and from on the known GoPro Hero 3+ 
position would be the camera lens on the 
front of the camera and any difference due 
to its small size would be minimal; 

iv. that the best location to measure to 
and from on the known position of the 
Nikon D850 SLR camera would be 
the nodal point/no paralax point in the 
lens. No reliable documentation was 
identified by the authors, resulting in 

Figure 5: Overlay of the virtual scan (red outline) from the Nikon camera at 10 m at Location 2. The red 
arrows show visible points where the image and scan visually line up.
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personal communcation with Nikon 
representatives.  Nikon indicated that the 
entrance pupil length for this lens at f=26 
mm was 36.88 mm (infinity) to 36.21 mm 
(minimum focus distance) as the distance 
from the edge of the filter ring toward 
the focal plane (Nikon Australia Pty Ltd, 
personal communication 6 January 2020). 
Taking into account the size of the filter 
ring, the no paralax point was 48 mm 
from the front of the lens cap. This was 
also empirically confirmed using manual 
alignment using a Nodal Ninja and two 
Koppa magnetic stand-off rods. 

Using the mark points function, points were 

then set at the middle of each camera lens on 
the planar view scans that were closest to the 
front of the cameras. For the Nikon D850, the 
points were marked in the middle of the lens 
cap and then moved 48 mm toward the camera 
focal plane to approximate the pinhole position 
calculated above. The measure objects function 
in FARO Scene was then used to measure the 
distance between the virtual camera (pinhole) 
position and the corresponding relevant 
position on the four known cameras for all 64 
camera positions. The overall distance, vertical 
distance, and horizontal distance were all 
recorded in metres.

Figure 6: Side views of the virtual camera positions and the known camera positions at Location 2. A) 
Overall side view of the four positions; B) View of the virtual camera placement at 5 m Location 2.



J Assoc Crime Scene Reconstr. 2022:26 www.acsr.org23

Figure 7: Overlay of the Nikon DSLR virtual scan (Location 2, 10 m position) in the point cloud. The virtual 
camera is shown in purple, with the junction of the red, green and blue lines representing the position of the 
pin hole camera. A) Rear view of virtual scan and camera placement; B) overhead view; C) side view.
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Results
Scanner measurement uncertainty
Whilst numerous scans were conducted, 
processed, and registered for each of the known 
camera positions, the measurements obtained in 
this study were conducted utilising the Planar 
View of individual scans and not the combined 
scan point cloud. As such, the registration error 
was not relevant. The calibration certificate for 
the Focuss 150 scanner certified by FARO in 
February 2019 showed the scanner had average 
uncertainty of ±0.255 mm at 10 m. A NIST-
traceable FARO scale bar was used to estimate 
measurement uncertaintyat each scanning 
location and distance, accomplished by using 
FARO Scene auto solving for the centre of the 
two spheres selected at either end of the scale 
bar. Overall uncertainty calculated ranged from 
1.54 mm at 7.5 m for Location 3 to 2.84 mm at 
5 m for Location 1.

Virtual camera placement accuracy
Across all locations, cameras, and distances, 
broadly similar levels of displacement were 
observed. The average overall displacement 
between the physical and virtual camera 
pinhole position was 17.6 mm (Table 2), with 
displacement ranging between 2.2 mm and 
43.3 mm across the various cameras, distances, 
and locations (Supplementary Table 1).  Slightly 
greater displacement was observed in the 
horiztonal plane (average 14.5 mm) compared to 
the vertical plane (8.0 mm). During the process 
it was discovered that the images and videos 
taken at the 2.5 m distance at Location  1 did 
not contain enough of the ground plane to allow 
for placement of the images into 3D in FARO 
Scene and therefore were not recorded. This may 
have been because the corresponding points were 
planar and not representative of the scene depth.

Across all locations, broadly similar levels 
of displacement were observed between 
different camera types and distances up to 
10 m (Figure 8). Slightly greater variability was 
apparent in overall displacement at 2.5 m than 
5 m, 7.5 m, or 10 m, but no consistent trends, 
such as increasing displacement with increasing 
distance, were observed. The four cameras also 
showed similar results, with average overall 
displacement across locations and distances 
being 16 mm for Axon Body 2 body-worn 
camera, 20 mm for GoPro, 16 mm for the 
iPhone X, and 18 mm for the Nikon D850, all 
with 95% standard deviations of 0.011 m or less.    

No significant differences were observed in 
the extent of displacement between different 
cameras, distances, or locations (Table 3). 
Notably, all effect sizes were extremely small (ηp

2 
= 0.01 to 0.08), as were the adjusted r2 values for 
each of the models, with only 1.2 to 8.8% of 
variance in displacement being accounted for 
by the three variables tested. 

Based on the lack of observed differences 
between camera models and distances, 
it can therefore be proposed that a single 
error measurement may be applied across 
all instances, with the overall displacement 
showing the highest difference between the 
virtual and physical cameras. However, the 
calibration and measurement error associated 
with the scanner must also be factored into 
the consideration of virtual camera placement 
error. This error was calculated by measuring 
the error in measurement of a known NIST-
traceable FARO Scale bar at each set distance 
and combining it with the calibration results for 
the scanner at each location. The measurement 
uncertainty did not significantly differ by 
location (F=0.659, p=0.594) or distance 
(F=1.14, p=0.376), and therefore a grand mean 
of 1.971 mm with a 95% confidence interval of 
1.788 to 2.154 mm could be utilised. 

Therefore, when estimating the total extent 
of measurement uncertainty attributable both 
to the placement of the camera within the 
scene and the measurement uncertainty of the 
scanner, an overall average of 19.6 mm can be 
applied, with an associated 95% confidence 
interval of 16.8 to 22.2 mm. The uncertainty 
will fall within this range in 19 of 20 cases 
and is unlikely to be greater than 22 mm for 
the overall displacement, based on the camera 
models and distances tested within this study. 

Distance 
(m)

Average Overall 
Displacement 

(mm)

95% Standard 
Deviation

2.5 18.6 14.2

5.0 14.9 4.4

7.5 17.4 7.2

10 19.8 10.7

All distances 17.6 9.4

Table 2: Average overall displacement observed 
between the virtual and physical cameras.
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Figure 8: camera. A) Rear view of virtual scan and camera placement; B) overhead 
view; C) side view.

Displacement
Mean Displacement 

(m) (95% Confidence 
Interval)

Effect of Camera Effect of Distance Effect of Location

Overall 0.018
(0.015-0.020)

F = 0.55, p = 0.65, 
ηp

2 = 0.03
F = 0.72, p = 0.54, 

ηp
2 = 0.04

F = 0.31, p = 0.82, 
ηp

2 = 0.02
Vertical 0.008

(0.006-0.010)
F = 0.80, p = 0.50, 

ηp
2 = 0.05

F = 1.14, p = 0.34, 
ηp

2 = 0.06
F = 0.55, p = 0.65, 

ηp
2 = 0.03

Horizontal 0.015
(0.012-0.017)

F = 0.11, p = 0.95, 
ηp

2 = 0.01
F = 0.74, p = 0.53, 

ηp
2 = 0.04

F = 0.56, p = 0.64, 
ηp

2 = 0.03

Table 3: Analysis of variance (ANOVA) results for the main effects of camera, distance, and location on 
displacement.
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Discussion
The accuracy of camera placement in 3D 
environments was high under the conditions 
within this study, with an average of 2 cm 
displacement between the actual and estimated 
position of the camera. This represents a 
significant improvement on the use of GPS 
data to position images, with average accuracies 
of 5 to 15 m dependent on the GPS device, 
environment, satellite position, cellular data, 
and WiFi [3-7]. Thus, the FARO Scene 
Place in 3D function represents a substantial 
improvement for the ability to reconstruct 
events captured on still or video cameras, 
placing the camera precisely within the scene 
and allowing contextualisation of recorded 
events. The applicability of this technique 
to crime investigations was demonstrated by 
Raneri1, who used CCTV footage to position 
a taxi at several different locations and assist in 
the determination of vehicle speed. Although 
the timings of the video frame analysis and 
testing of scanner and camera in controlled 
conditions would have assisted in the estimation 
of uncertainty in positioning, no reports were 
provided in the published study. However, 
uncertainty rates should accompany any critical 
measurements or location estimation when 
reporting such analyses in casework. 

Due to the method used it was not possible 
to always determine whether the virtual 
camera position was above, below, in front or 
behind the known camera. It could therefore 
be represented as a sphere in space placing the 
uncertainty 360 degrees around the point with 
a radius of 22 mm. Putting this into context 
of an event, a camera being worn on a person, 
held by a person, or on the dashboard of a car 
can be placed within approximately 2 cm of its 
location. The ability to position cameras may 
be of significant value, such as being able to 
ascertain the position a police officer’s body 
worn camera at the time a weapon is fired could 
assist in determining their position relative to 
another person’s and to the scene itself.  

Different cameras will have different 
properties with regards to aperture, focal length, 
resolution, shutter speed, and frame rates. In 
this study the iPhone X was used to record a 
still image and video from each position.  The 
inbuilt camera in the iPhone X is used for both 
the video and photo and after initial tests the 

only visual difference noted between the image 
and video was cropping of part of the top and 
bottom of the video frame compared to the 
image. The images for the iPhone were utilized 
in this project and it is noted that a video would 
capture less information in the vertical than 
that of an image.  

Although no significant differences based on 
camera model or distance were found in this 
study, where camera placement is of critical 
importance in a case, it is recommended that 
controlled tests using the appropriate distances 
and camera be performed to ascertain placement 
accuracy. This could be performed as required 
for casework purposes to develop case-specific 
uncertainty rates or using systematic testing to 
build a database for future reference. 

Although the technique provided high 
accuracy within this study, a number of 
limitations to its use and broader application are 
acknowledged. Firstly, the conditions in which 
this research was conducted were idealized. The 
images and videos were recorded from stationary 
positions in dry daylight conditions. Crime 
events and police incidents can be dynamic and 
occur with rapid movement, in low light, poor 
weather conditions, and in areas with minimal 
fixed object points to link the image/frame and 
scan. Factors such as low light and movement 
which are not controllable in real life dynamic 
events may significantly impact on the accuracy 
of this method. The application of the method 
to indoor environments was not tested in the 
current study, although provided adequate 
lighting and placement points are present in 
the image and scan, the method should be 
transferrable between environments.  

The measurement uncertainty of a 3D 
scan point cloud must also be acknowledged. 
Within this study, a single scan was used via 
Planar View, and thus any accumulation of 
error from within a larger registered point cloud 
was not incorporated. Further, the scanner was 
kept within a 10 m range of the main areas to 
minimise the issues with scan resolution and 
quality. 

The uncertainty with regards to the laser 
scan data was determined by combining the 
calibration report data for the Focuss 150 device 
from FARO with the measurement of the 
NIST certified FARO Scale Bar. A potential 
contributor to the uncertainty/error rate in 
casework could be variation in the selection of 
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the common points between the image/frame 
and the scan planar image. In this study, all point 
selection was performed by a single operator and 
it is acknowledged that the likelihood of human 
error would be reduced with peer review. It was 
however noted during the study that incorrect 
point selection resulted in visually apparent 
incorrect image placement within the scene, 
which would greatly increase the error rate if not 
identified and corrected. For the locations and 
images used in this study, errors in common 
point selection resulted in visually obvious 
errors in camera placement. Within casework, if 
camera placement is of critical importance and 
low placement error is desired, multiple operators 
selecting points independently is recommended. 
Further, combining the point selection with the 
point and pixel spacing may further increase the 
error rate. Whilst not delving into the specifics 
of the pixel dimensions and laser point distance, 
they will naturally have contributed to the 
variances in results between the known position 
of the camera and the virtual camera. The use of 
12 common points from fixed objects between 
the image/frame and the scan and ‘Place in 3D’ 
function to produce the virtual camera position 
could have potentially reduced the uncertainty 
of error from the scan point/image pixel spacing, 
compared to if fewer common points were used.  

An important finding during the project was 
that the images taken at the 2.5 m distance at 
Location 1 were not suitable for the process 
due minimal coverage of the ground plane in 
the image and the image primarily limited to 
a single planar surface being a building wall. It 
therefore created large, and immediately visually 
apparent, errors in virtual camera placement. 
It is possible that the ground plane or the lack 
of depth in the image were the factors in the 
positioning of the image as a virtual scan and 
future studies may be able further clarify this. 

Photoshop Creative Cloud 2018 was used in 
this project as the tool for video frame extraction 
and lens distortion correction. Whilst there 
are more suitable and specific tools in the 
marketplace for these steps, it was the program 
available at the time and is used for forensic 
imaging processes by police and forensic 
organisations. In critical casework settings, the 
extraction of frames from video footage should 
be undertaken by qualified practitioners with 
the relevant experience and knowledge in this 
discipline. It is acknowledged that the video 

extraction by a qualified practitioner would 
potentially increase accuracy. It was also noted 
that the lens distortion correction resulted in 
the image being cropped, potentially removing 
objects of interest.

Conclusions
The results of this study show that it is 
possible to position portable camera devices 
within 3D point clouds within an accuracy of 
approximately 2 cm. For many applications of 
this method to reconstructions of crime events 
this level of accuracy is within an acceptable 
range. Police investigators and crime scene 
examiners are often asked to reconstruct a crime 
scene or assist in positioning a person or object 
based on eye-witness accounts, photos, or video 
from a portable recording device or CCTV. The 
results of this study show that the place in 3d 
function in FARO Scene is another potential 
and viable tool for use in a crime investigation 
or scene reconstruction. The ability to position 
an portable camera in 3D space within a suitable 
margin of uncertainty is a positive step forward. 
Further steps in the process may be required to 
position objects or persons within the image or 
video and this process is a potential step closer 
to contributing to these analyses. 
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