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Abstract 

Technology has made significant improvements in the process of measuring, documenting and pre-
senting physical evidence and crime scenes. The days of measuring discrete items with measuring 
tape and recording the scene with a few photos are over. Technology allows us to measure the en-
tirety of a scene, literally hundreds of millions of points, accurate to 3 mm with the use of terrestrial 
laser scanners. Unmanned aerial vehicles or drones allow us to fly over busy highways and capture 
3-dimensional data of 1000 meters of roadway in 15 minutes. Both advances have greatly ad-
vanced the use of close range photogrammetry, which allows us to extract 3D data from photos and 
videos and document positions of objects and individuals. All of this helps create a more complete, 
accurate, objective and verifiable data set for those who will decide the fate of the parties involved. 
This paper is a brief overview of terrestrial laser scanning, unmanned aerial vehicle (drone) image 
based three-dimensional modeling and close-range photogrammetry and how they have changed 
the manner which crime and accident scenes are reconstructed three-dimensionally.  
 

 

Introduction 

 
We live in an age of new and constantly evolv-
ing technology. These changes include our abil-
ity to monitor our home’s security from our 
phone to 3D printed replacement organs. Tech-
nology has also significantly changed the man-
ner which physical evidence from a crime or ac-
cident scene is documented, analyzed and pre-
sented.i 
Technological adaption of these technologies 
has been relatively slow in the practice of foren-
sic investigations. The two main reasons for this 
lag may be the lack of knowledge regarding the 
capabilities of these new technologies and the 
cost involved in hardware, software and train-
ing. This paper will address some of the more 
significant capabilities of three-dimensional 
scene documentation using remote sensing 
technologies. This paper is by no means a 
comprehensive study of these technologies. It is 
more an introduction to those who may have in-
terest in the crime and accident reconstruction 
field. 
 

Remote Sensing 

 
Remote Sensing is generally described as ac-
quiring information of an object or objects with 
out direct physical contact. It is used in many 
fields including, geology, hydrology, meteorolo-
gy, oceanography, as well as commercial uses 
such as land surveying, petrochemical, and mili-
tary and intelligence needs to mention just a 
fewii. This paper restricts our discussion to fo-
rensic scene documentation of either criminal or 
civil cases. Therefore, this forensic remote 
sensing discussion will include three main pro-
cesses of terrestrial laser scanning, UAV 
(drone) image based three-dimensional model-
ling and close-range photogrammetry. 
 

Laser Scanning, Drone Imagery and Pho-

togrammetry 

 
While each of these three technologies overlap, 
they complement each other and build on each 
other. Terrestrial laser scanning provides a 
higher level of accuracy, while it’s effective 
range is significantly limited compared to UAV 
image-based 3D modelling.iii Utilizing unmanned 
aerial vehicles, also known as drones, increas-
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es significantly the size of the scene which can 
quickly be documented; however, the degree of 
accuracy is not as high as laser scanning. iv  
Close range photogrammetry utilizes the data 
from the prior two technologies to extract three-
dimensional information from prior existing im-
ages, be they from a photo or video source, 
usually taken of the crime or accident scene. As 
evidence quickly degrades, this powerful tool al-
lows qualified individuals to reconstruct the 
physical evidence in three dimensions.v  
These technologies are become increasingly 
used in the documentation and preservation of 
accident and crime scenes. Increased accuracy, 
coverage and reduced acquisition time of objec-
tive scene data helps reduce uncertainty.v i  Ac-
ceptance by the courts in both civil and criminal 
cases is widespread.v ii The data is accurate, ob-
jective and verifiable. Digital data allows for data 
to be independently verified. It is cost effective, 
especially when including scene clearance time 
and accuracy and completeness of data.v iii 
 

Terrestrial Laser Scanning 

 
Laser scanning was first invented in the 1960’s; 
however, it did not come into significant com-
mercial use until the 1990’s. It’s utilization in the 
realm of forensic investigation was initially lim-
ited by the cost and size of the unit. It was not 
uncommon for the instrument to weigh 50 kilo-
grams and cost over $250,000.  Forensic grade 
scanners today are now available under 6 kilo-
grams and cost less than $75,000.ix 
TLS is a ground-based system of measuring 
position and dimensions of objects using emit-
ted laser light. There are many types and manu-
facturers; however, there are common charac-
teristics. The unit is set on a tripod and it re-
volves 360° emitting millions of laser beams 
striking all objects within the unit’s line of sight. 
Each scan collects millions of points in space, 
which produce a point cloud. The scanner cap-
tures photos, GPS coordinates and quality con-
trol information of each scan.x 

 

 

Figure 1 - Point Cloud Fly Through - Video 

 

Figure 2 - Author Scanning with Faro Focus 3D 

 

Laser Scanning Advantages 

 
There four major advantages of terrestrial laser 
scanning. The speed of scene documentation, 
each scan depending on the quality settings col-
lects millions of data points between four and 
twelve minutes. The field accuracy of each scan 
can be as little 3mm. Comprehensive scene 
documentation refers to the scanner’s ability to 
measure everything in the line of sight. This in-
sures, with appropriate training, the entire scene 
is permanently recorded. The quality of the data 
in in terms of quantity , quantity and accuracy is 
impressive. The data becomes a digital dupli-
cate of the scene itself. When the analysis be-
gins, the digital copy is opened and is ready for 
review and measurements. Due to these ad-
vantages, it is becoming the standard of meas-
ure across law enforcement department in the 
United States. Hopefully the days of tape 
measure are behind us. 
 

UAV- (Drone) 3D Image Based Modeling 

 
The utilization of aerial images to create three-
dimensional models or maps effectively began 
with the invention of the airplane. After each 
world war significant improvements in aerial 
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photogrammetry increased its utilization. After 
World War II, the United States Geological Sur-
vey utilized stereo photogrammetry to create 
the topo maps of the United States.xi 3D image-
based modeling uses photos of a scene to gen-
erate a 3D computer model. The UAV, is pro-
grammed via mission planning software, defin-
ing, flight paths, elevation, speed, and frequen-
cy of image capture. These are then processed 
with photogrammetrical software to create a 
point cloud of the object or scene. This data is 
used to create a 3D computer model and an or-
thomosaic. An orthomosaic is a very large im-
age composed of rectified ortho photographs. 
The drone records flight telemetry, as well as 
GPS information of each image. Accuracy var-
ies depending on the number of images and the 
quality of those images, amongst other varia-
bles. With control points, we can expect +- 2 
inches overall.xii 
 

 
 

Figure 3 - DJI Inspire Pro 

 

 
 

Figure 4 - UAV Camera Positions 

 

 
 

Figure 5 - Initial Point Cloud 

 

 
 

Figure 6 - Point Cloud with Orthomosaic Over-
lay 
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Figure 7 - Aerial Image Compared with 3D Point Cloud Model 

 

 

Figure 8 - UAV 3D Image Based Modelling Process  - Video 
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3D Image Based Modelling Advantages 
 
The three major advantages of 3D IBM are 
scope, speed and data flexibility. Two thousand 
meters of road way can be captured in approx-
imately 30 minutes. The point cloud created 
from the aerial images can create a three-
dimensional model, a high detail orthomosaic, 
as well as digital elevation models, digital terrain  
 
models and even contour maps.xiii One caveat, 
to fly commercially in the United States you 
must obtain either a FAA Section 333 Exemp-
tion, or your FAA Remote Pilot Certificate Part 
107. It is assumed most other countries will 
adopt some licensing requirements for commer-
cial use.  

Close Range Photogrammetry – CRP 

 
Photogrammetry has been around as long as 
photographs. However, some argue it’s roots 
can be traced to the Italian Renaissance and 
the painter Filippo Brunelleschi, whose use of 
perspective revolutionized painting.

xiv
 Forensic 

CRP is a subset of photogrammetry, typically 
analyzing objects typically no more than 10 me-
ters from the camera. Photogrammetry is a met-
ric science of extracting three dimensional 
measurements and positions of objects cap-
tured from photos or videos. It is an art and sci-
ence as well as the technical process. The pro 
cess utilizes known landmark positions or di-
mensions within the image and applying that  
known data as a scale of the image distortion. 
Software is used to “rectify” the image so that 
unknown objects can be measured.xv  
 

 
 

Figure 9 - Waco Shooting Photogrammetry  - 
Video 

 
 

Figure 10 - Photogrammetry Process - Video 

 
 

Photogrammetry Advantages 
 
The main advantage of photogrammetry is the 
ability to dimensionalize physical evidence that 
may not exist due to the passage of time. The 
second main advantage is the source data may 
come from many sources, such as surveillance, 
dash cam, phone and regular cameras. The last 
advantage is the digital result is objective and 
verifiable if generated by a qualified practitioner. 
 

Conclusion 

 

This paper demonstrates only briefly the capa-
bilities and significant advantages of these 
technologies. A full and comprehensive study of 
these tools would require an academic volume 
of several hundred page. Further complicating 
matters is the rate of technological changes that 
occurs daily. Therefore, this paper only serves  
as an introduction to the current state of use in 
forensic investigations. 
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