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Introduction
A crucial part of any crime or crash scene 
reconstruction process involves taking 
measurements at outdoor scenes. In the case of 
a crime scene, items of evidence may include 
weapons, blood, cartridge cases, and body 
positions. For crash scenes, items of interest 
may include roadways, vehicle positions, tire 
marks, gouge marks, and fluid stains to name 
a few. Forensic mapping has been defined as 
the systematic recording of coordinate data 
and the subsequent production of a scale 
diagram [1]. The term itself is relatively new, 
but the methodology behind it has been used 
for many years [1]. Often, reconstructionists or 

investigators conduct an inspection of the scene 
to collect photographs and measurements. 
With regards to measurements, there are a 
wide variety of tools and techniques that can 
be employed. These usually range from hand 
measuring with a tape measure, mapping with 
a total station, collecting still photographs 
and combining them into a 3D model using 
photogrammetry or creating a 3D point cloud 
of a scene using a terrestrial laser scanner [2]. 
However, there are some cases where a site 
inspection or survey cannot be carried out but is 
still necessary for reconstruction purposes. For 
instance, an outdoor scene may have changed 
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FARO Zone 3D (FZ3D) is a relatively new software package designed for crash reconstructionists and crime 
scene investigators. The program has a feature that allows scaled Google Maps images to be imported into 
its workspace such that satellite imagery of an area may be measured, traced, or serve as a reference for 3D 
modeling or animations. This is useful when a site inspection cannot be carried out but is still necessary for 
reconstructions. An understanding of the accuracy of this method provides reconstructionists and investiga-
tors knowledge regarding its accuracy when utilizing FZ3D. This study compares linear measurements taken 
using Google Maps images with those done with a terrestrial laser scanner. A total of 800 measurements were 
taken across 8 roadways in North America by 10 participants. The average percentage difference between all 
laser scanner measurements and participant measurements was 0.894%. The mean absolute error (MAE) for 
all the data was determined to be 0.350 m (1.148 ft), with a standard deviation (SD) of 0.296 m (0.971 ft). 
Distance measurements less than 5 m resulted in a large average percentage difference of 8.286%. These find-
ings are comparable to previous studies and are reasonable for the general mapping of  large outdoor scenes.
Keywords: Satellite imagery, scene mapping, accuracy, crime scene reconstruction, forensic science
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after the incident occurred, either through 
changes in terrain such as natural disasters, 
weathering, or through unnatural occurrences 
such as construction, explosion or fire. Another 
example is that perhaps a site cannot be shut 
down by private investigators, making it unsafe 
or illegal to perform an inspection. It could also 
be unjustifiable to physically visit the site due to 
time or expense limitations [3].

There are resources that exist that allow 
a reconstructionist or investigator to take 
measurements without physically visiting a 
scene and even  before or after any modifications 
were made. One resource is the aerial or 
satellite imagery accessible through Google 
Maps. Google Maps is a mapping information 
application created and maintained by Google 
Corporation [4]. The program contains maps 
of the Earth that are captured through satellite 
imagery, aerial photography, and geographic 
information systems (GIS). The Google 
Corporation has not officially documented the 
accuracy of Google Maps [3]. However, there 
have been several studies that have assessed the 
accuracy of Google Maps imagery, showing that 
the measurements yielded from the application 
are reasonable for scenarios where collisions 
occur over very large distances or for producing 
demonstrative exhibits [3-9]. There is no set 
standard error range established for accident 
reconstruction and acceptable thresholds 
depend on the type of analysis required. 

FARO Zone 3D (FZ3D) is a relatively 
new software package designed for crash 
reconstructionists and crime scene investigators, 
along with other public safety professionals. 
The program contains tools which allow 
investigators to document, visualize, and 
reconstruct crash and crime scenes. FZ3D also 
has a feature that allows scaled Google Maps 
images to be imported into its workspace such 
that a satellite image of a roadway may be 
measured or traced to produce a plan drawing 
or serve as a reference for 3D modeling or 
animations. In a recent update (version 2020), 
a tiling tool has been implemented to allow 
for high resolution Google Maps images to 
be automatically stitched together to create a 
mosaic image. This enables users to import the 
highest resolution satellite images available in 
Google Maps into FZ3D while creating a larger 
mosaic image without any loss in image quality.  
The purpose of this research was to investigate 

the accuracy of linear measurements taken us-
ing Google Maps images in FARO Zone 3D for 
forensic reconstructions of large-scale outdoor 
scenes. In addition, an examination into the 
effects of measurement distance on accuracy 
was also completed. An understanding of the 
accuracy of Google Maps imagery would pro-
vide reconstructionists and investigators using 
FARO Zone 3D with knowledge regarding the 
accuracy and errors of the measurements taken 
when utilizing the software. 

Eight roadways located within Canada and 
the US were measured in this study. The eight 
roadways were documented using a terrestrial 
laser scanner and the captured 3D data served 
as a ground truth for the satellite imagery 
measurements. Google Maps imagery of the 
eight roadways were imported into FZ3D 
whilst using the software’s tiling tool and linear 
measurements were taken by ten participants. 
The participants were instructed to make the 
same ten measurements of varying distances 
across all of the roadways.

A previous study conducted by Wirth 
et al. [3] assessed the accuracy of Google 
Earth imagery for use as a tool in accident 
reconstruction. In their study, they compared 
linear measurements taken on Google Earth 
images to those taken with a laser theodolite 
and laser scanner. The software package they 
used was a three-dimensional graphics program 
called Rhinoceros, Version 5 SR9 (Rhino). Their 
sample size included 114 measurements across 
16 crash sites within Texas, Arizona, Kansas, 
Colorado and New Mexico. The measurements 
ranged from approximately 1.6 m to 166.9 m; 54 
of which were less than 7.6 m [3]. They reported 
the average percentage difference between the 
total station data and Google Earth data for all 
measurements to be 1.02% with a root mean 
square error (RMSE) of 0.569 ft. They also 
observed an increase in RMSE as the length 
of the measurement increased. The scope and 
design of Wirth’s study is similar to this current 
study with FARO Zone 3D. Therefore, the data 
analysis for this study was conducted similarly 
to that of the previous study for comparison 
purposes.

Method
Sample Size
This study investigates the accuracy of Google 
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Maps images when measured in FARO Zone 
3D. Eight roadways located within Canada and 
the US were surveyed with a FARO Focus laser 
scanner. The roadways selected had a length of 
200 m to 250 m;. see Table 1 for information on 
each roadway’s location and registration report.

For each roadway, ten points were 
chosen using observable physical features 
of the roadway; roadway markings were the 
predominate feature selected within each scene 
(i.e., road lines, sidewalk edges, corner curbs). 
These points were then labelled A through J, and 
ten measurements between the various points 

were defined. The measurements ranged from 
approximately 1 m to 235 m (3.3 ft to 770.1 
ft). An instructional document was created that 
contains a description of all of the points, as well 
as a diagram showing their general locations for 
each roadway (Figure 1 and Table 2).

Ten participants were provided with the 
instructional document and GPS coordinates 
for the roadways. Three participants had a 
background in crime scene reconstruction, three 
had a background in accident reconstruction, 
and four were forensic science undergraduate 
students. All participants had prior experience 

Roadway 
Project 

Number
Location

Registration 
Mean Point 
Error

Registration 
Maximum 
Point Error

1 Niagara 122, Fort Erie, ON, Google Maps Coordinates 
42.912580, -78.940742

10.9 mm 16.3 mm

2 Taunton Rd E. Whitby, ON L1R 3H8, Google Maps 
Coordinates 43.914704, -78.960427

2.1 mm 4.4 mm

3 1361-1387 Yonge St. Toronto, ON M4T 1Y5, Coordi-
nates 43.686279, -79.393341

2.4 mm 4.1 mm

4 Fifth St., Castle Rock, CO 80104, USA Coordinates 
39.376378, -104.836101

7.5 mm 33.3 mm

5 E Scott Blvd and Wild Plum Ln, Castle Rock, CO 
80104 Coordinates 39.389587, -104.850351

3.6 mm 8.4 mm

6 Glade Road, Colleyville, Texas Coordinates 32.880939, 
-97.160646

6.0 mm 7.3 mm

7 Thistle Court, North Richland Hills, Texas Coordinates 
32.899529, -97.191793

14.7 mm 41.4 mm

8 Bransford Road, Texas Coordinates 32.897340, 
-97.162078  

7.1 mm 16.8 mm

Table 1: Location information of the eight roadways utilized in this study.

Point Description Measurement

A Intersection of white cross walk bar with curb A-C

B End of yellow line A-J
C Corner of white stop bar and yellow line D-G

D End of white dashed line H-J

E Intersection of white stop bar with yellow line B-H

F I  ntersection of white stop bar with white line A-F

G Corner of white stop bar and yellow line C-I

H Corner of white stop bar and yellow line E-F

I End of yellow line G-J

J Corner of white stop bar D-F

Table 2: Example chart with descriptions for each measurement point 
provided to the participants.
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using FZ3D and each participant individually 
took the ten instructed measurements for all 
eight roadways. Their FZ3D projects were saved 
and measurement values were logged into an 
Excel data sheet.  A total of 800 measurements 
were taken and compared to their known values 
based on the laser scanner data.

FARO Focus Laser Scanner
3D data was captured for each of the eight 
roadways using a FARO Focus S350 terrestrial 
laser scanner. The laser scanner is an instrument 
which can detect the distance to objects by 
emitting an infrared laser. The instrument 
records the position of a point by measuring 
the light that is reflected to the scanner. The 
scanner can capture millions of data points in a 
single scan and when multiple scans are placed 
together, it can provide an accurate 3D model 
of an environment. Depending on the size of 
the roadway, anywhere from 15 to 30 laser scans 
were taken of the scene. The scans were then 
registered (i.e., aligned into the same coordinate 
system) in the SCENE software, which is the 
proprietary software for processing, registering, 
and exporting FARO Focus laser scan data. 
See Table 1 for the registration reports. The 
registered point clouds were then exported as e57 
files and brought into FARO Zone 3D (Figure 
2). The purpose of exporting the point cloud 

as an e57 file was to reduce the overall size of 
the data. The ten measurements were taken on 
the point cloud data of each roadway using the 
measurement tools in FZ3D. The FARO Focus 
S350 is capable of providing measurements 
accurate to ±1 mm within its effective range of 
up to 350 m [10]. For the scope of this study, 
millimeter accuracy was not necessary and the 
measurements taken with the scanner served as 
the ground truth measurement values.

FARO Zone 3D
In the FZ3D software, Google Maps images 
were imported using the ‘Place Satellite Image’ 
feature. The feature opens a window that 
allows users to enter either an address or GPS 
coordinates to locate the roadway they intend 
to place into the workspace (Figure 3).

In a recent update to FZ3D (version 2020), a 
new tool was introduced called the Tiling Tool. 
It allows for high resolution Google Maps images 
to be automatically stitched together to create 
a mosaic image, enabling large satellite images 
to be imported into FZ3D without a reduction 
in resolution. To maximize resolution with the 
Tiling Tool, the tool’s window was extended to 
its full width and length (i.e., takes up the entire 
monitor). Generally, a larger monitor capable of 
a higher resolution display is recommended to 
maximize resolution. Following this, the view 

Figure 1: Diagram showing the general locations of the ten measurement points for roadway project 3.
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of the roadway is zoomed in until the zoom 
limit is reached, omitting the fact that the entire 
roadway was not within the view of the window 
(Figure 4).

Once the optimal parameters were reached, 
image tiles were placed one at a time while moving 
the view of the window between tile placements. 
The image tiles are automatically scaled and 
stitched together in FZ3D when placed into the 
workspace (Figure 5). After placing the Google 
Maps images of the roadway into FZ3D, the ten 
predefined measurements of varying distances 

were made using the software’s ‘Dimension 
Line’ tool, and the values were recorded with 
three decimal places. The participants’ project 
files were inspected afterwards to check for 
image tile stitching errors; no adjustments were 
necessary.

Results
A total of 800 linear measurements were taken 
of the eight roadways by the ten participants 
in this study. The measurements ranged from 
1 meter to 235 meters; see Figure 6 for the 

Figure 2: Laser Scanner data of Roadway 3 brought into FARO Zone 3D. 

Figure 3: Place Satellite Image Tool within FARO Zone 3D. 



www.acsr.org J Assoc Crime Scene Reconstr. 2021:2516

frequency distribution of measurements. The 
measurements were divided into nine groups 
with the 25 to 50 m group containing the 
highest number of measurements (210 samples) 
and the >175 m and 1 to 5 m groups containing 
the lowest number of measurements (30 
samples).

Utilizing a similar data analysis method to 
Wirth’s study [3], the absolute percent difference 
was calculated for each measurement. Equation 
1 shows how the absolute percentage difference 
was calculated.

By taking the difference between the 

laser scanner measurements and participant 
measurements, the error values were also 
calculated. Figures 7 and Figure 8 show the 
distribution of the percentage difference and 
absolute error values plotted against the laser 
scanner distances, respectively. The average 
percentage difference between all laser scanner 
measurements and participant measurements 
was 0.894% with a root-mean-square error 
(RMSE) of 0.458 m (1.503 ft). The mean 
absolute error (MAE) for all the data was 
determined to be 0.350 m (1.148 ft) with a 
standard deviation (SD) of 0.296 m (0.971 ft).

Figure 4: Tiling Tool window with optimal parameters to maximize image resolution. 

Figure 5: Image mosaic composed of scaled Google Maps images automatically stitched together in FARO 
Zone 3D.

(Eq. 1)
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Figure 6: Histogram of measurement distances (m) ranging from 1 m to 235 m. A total of 800 measurements 
were taken.

Figure 7: Graph plotting the absolute percentage difference (%) against the laser scanner measured distance 
(m).
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A Pearson’s correlation coefficient between 
the absolute percentage differences and the 
laser scanner measurement distances (Figure 
7) resulted in a coefficient value of -0.311. This 
suggests that in general, as the measurement 
distance increase  d, the absolute percentage 
difference values decreased. A Pearson’s 
correlation coefficient between the absolute 
errors and the laser scanner measurement 
distances (Figure 8) resulted in a coefficient 
value of 0.570. This suggests that in general, 

as the measurement distance increased, the 
absolute error increased. The measurements 
were divided into the same nine groups as in 
Figure 6, and the average percent difference 
and mean absolute error was calculated for each 
group (Table 3). 

Boxplots were graphed showing the 
distribution of the absolute error values for 
each measurement distance group (Figure 
9). One-sided student’s t-tests (α=0.05) were 
also conducted for each distance group to 

Measurement 
(m)

Number of 
Observations

Average Percentage 
Difference (%)

Mean Absolute 
Error (m)

1-5 30 8.286 0.221

5-25 100 1.395 0.168

25-50 210 0.659 0.236

50-75 130 0.413 0.256

75-100 40 0.486 0.400

100-125 150 0.404 0.460

125-150 60 0.343 0.465

150-175 50 0.395 0.643

>175 30 0.494 0.952

Table 3: Average Percentage Difference and Mean Absolute Error for each 
measurement distance group.
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Figure 8: Graph plotting the absolute error (m) against the laser scanner measured distance (m).
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determine whether the mean absolute error of 
the measurements taken using FARO Zone 3D 
were greater than zero. See Table 4 for the one-
sided t-test results.

Discussion
There have been several previous studies that 
have validated the use of Google Earth satellite 
images; however, the purpose of this study was 
to investigate the accuracy of measurements 
taken using Google Maps images in FARO 
Zone 3D for forensic reconstructions. Ten 

participants measured a total of 800 distances 
and their values were compared to laser scanner 
measurements which served as the true distance 
for the purposes of the study. The average 
percentage difference between all laser scanner 
measurements and participant measurements 
was 0.894% with an RMSE of 0.458 m. In 
addition, the mean absolute error (MAE) of all 
the data was determined to be 0.350 m with a 
SD of 0.296 m. These results are comparable to 
the Wirth et al. study; they reported an average 
percentage difference of 1.02% with an RMSE 
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Greater

1-5 m 0.221 <2.2e-16 Yes

5-25 m 0.168 <2.2e-16 Yes

25-50 m 0.236 <2.2e-16 Yes

50-75 m 0.256 <2.2e-16 Yes

75-100 m 0.400 <2.2e-16 Yes

100-125 m 0.460 <2.2e-16 Yes

125-150 m 0.465 <2.2e-16 Yes

150-175 m 0.643 <2.2e-16 Yes

>175 m 0.952 <2.2e-16 Yes

Figure 9: Boxplots showing the distribution of absolute error (m) for each measurement group.

Table 4: Average Error (m) and one-sided t-test results for each distance 
group.
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of 0.173 m. The measurements they utilized in 
their study ranged from 1.6 m to 166.9 m. In 
this study with FZ3D, the measurements had 
a larger range of 1 m to 235 m. The increase 
in RMSE obtained in this study compared to 
that in Wirth’s study was likely a result of this 
study using larger measurements in general; as 
demonstrated in Figure 8, the error increased 
as the distance being measured increased. 
Therefore, it makes sense that studies taking 
larger measurements overall would have larger 
associated errors. Moreover, in order to compare 
two techniques, it would be a requirement in 
the experimental design that the two techniques 
are being compared on similar measurement 
lengths.

A Pearson’s correlation coefficient suggested 
that in general, as the measurement distance 
increased, the absolute percentage difference 
values decreased. The test also showed that 
in general, as the measurement distance 
increased, the absolute error increased. Wirth’s 
study reported similar trends in their data [3].  
Grouping the data into nine distance groups, the 
mean absolute errors for each group was observed 
to gradually increase as the measurement length 
increased (Table 3). The average percentage 
differences from the 5-25 m group to the >175 

m group were within 1.4%. This study obtained 
a large average percentage difference of 8.3% 
when measurements between 1-5 m were taken. 
This shows that measurements taken below 5 m 
using Google Maps imagery in FZ3D can result 
in a high absolute percentage difference. Thus, 
a distance of approximately 5 m is suggested to 
be the minimum distance that can be reliably 
reconstructed using this method.

When measuring distances using Google 
Maps images, a potential source of error could 
be related to the image’s resolution. In this study, 
the participants were instructed to measure 
the distance between visible visual landmarks 
on the roadways (i.e., road lines). Despite 
using FZ3D’s Tiling tool to optimize image 
resolution, sometimes it was not enough to 
clearly visualize the roadway landmarks. Figure 
10 shows an example of a reference point (tip of 
turn arrow) that the participants were instructed 
to measure from. The lower resolution of the 
image when closely zoomed in could cause 
variability among participant measurements, as 
it may be difficult to accurately select the apex 
point of the turn arrow tip. This error affects 
measurements of all lengths; however, it has a 
larger proportional effect on shorter distances.

Google Maps images are projections 

Figure 10: Screenshot of a Google Maps image opened in FZ3D showing Point I of Roadway 2.
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of the Earth’s surface onto a flat xy-plane. 
Measurements were within 235 m in this study; 
therefore, the ellipsoid shape of the Earth can be 
omitted as a source of error. However, elevation 
changes in the terrain could be a potential 
source of error when using Google Maps 
images to take measurements. A previous study 
calculated that for a grade of 5%, the resulting 
error is 0.12% [3]. Most roadways generally do 
not have drastic elevation changes (although 
they certainly do exist); the US Federal 
government limits the maximum grade of their 
freeways to 6% and recommends the use of 
flat grades in urban area [12]. Small changes in 
elevation have a small percentage effect on the 
accuracy of measurements taken using Google 
Maps images. The largest measurement utilized 
in this study can be used to demonstrate the 
maximum error that could have resulted. 235 

m was the largest measurement in this study, 
and 6% is the maximum grade allotted for US 
freeways. Figure 11 shows that the resulting 
error caused by a 6% grade on a 235 m two-
dimensional measurement to be approximately 
0.423 m or an absolute percentage error of 
0.18%.

Another potential error source could arise 
from adjacent Google Maps images not being 
accurately aligned. This could be due to an 
image shift when using the Tiling tool in FZ3D 
(Figure 12) or innately in Google Maps itself. It 
is possible that FZ3D’s Tiling tool to misalign 
image tiles when importing them into the 
software; however, this was not observed when 
inspecting any of the projects used in this study. 
It is encouraged for those using this method 
should inspect the tile alignment prior to moving 
on in their workflow. Furthermore, measuring 

Figure 11: Effect of a 6% grade on a 235m linear measurement.

Figure 12: Misaligned image tiles in FZ3D.
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elevated structures that are not on the ground 
plane may also result in measurement errors. 
Objects such as lamp poles, building roofs, 
roadway signs are elevated off the ground plane 
and may not always be measured accurately 
using Google Maps.

One-sided t-tests showed that the mean 
absolute error for all distance groups were 
statistically greater than zero. Despite this, the 
mean absolute error of all the measurements 
was 0.350 m with a SD of 0.296 m. The 
maximum absolute error obtained in this 
study was 1.654 m, which resulted from a 
measurement distance that was approximately 
180 m. This resulting error is less than 1% of 
the measurement distance. Regarding typical 
outdoor forensic reconstruction purposes, this 
error range is reasonable for creating large-scale 
plan drawings or high-speed vehicular collision 
analysis. However, it is not recommended for 
this method to be used for reconstruction 
purposes that rely on small high-accuracy 
measurements such as bullet trajectory analysis 
or clandestine grave mapping.

This study provides a validation for the 
workflow of taking measurements using Google 
Maps images in FARO Zone 3D. Distance 
measurements from 5 m to 235 m were shown 
to be reasonable within the scope of large-scale 
crash and crime scene mapping. However, 
measurements that were less than 5 m were 
shown to result in larger absolute percentage 
differences. FZ3D’s Tiling tool was useful for 
optimizing image resolution so that physical 
road markings and features can be visible for 
taking measurements. This workflow is suitable 
for when reconstructionists and investigators 
need to take general measurements between 5 
m to 235 m. Future work in this topic could 
include assessing the accuracy of Google Maps 
outside of North America or in more rural areas 
where Google Maps image resolution has been 
shown to be lower. Further study could also 
include a comparison between the tiling tool and 
the use of a single image within FZ3D. Crash 
reconstructionists and crime scene investigators 
have a wide variety of tools and techniques that 
can be employed for documenting an outdoor 
scene; this study demonstrates that Google 
Maps in FARO Zone 3D is a suitable tool for 
when the scene cannot be accessible.
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