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Abstract
The LIght Detective Raging (or LIght Detection and Ranging/LIDAR) is a technology based upon remote sensing. The
main advantage of applying LIDAR to crime scene documentation is that we can obtain the true-to-scale and non-contact
measurement of scenes. However, there are some properties and limitations of LIDAR we should notice when we use it. In
this paper, we demonstrate how to apply LIDAR to 3D crime scene data acquisition and point out some particular surfaces that
should be considered and prevented. The acquisition and electronic storage of the true-to-scale color digital data can be seen as a
virtual conservation of evidence and crime scenes. Finally, three real crime scene cases are proposed to show the performance of
applying LIDAR at crime scenes.
Keywords: LIDAR, crime scene documentation, forensic science

Introduction
The main steps of crime scene investigation
include scene preservation, case comprehension, scene
documenting, evidence collection, result interpretation,
and scene reconstruction [1,2,3]. Scene documenting is
the most crucial and time-consuming one among above
steps. The LIght Detective Raging (or LIght Detection
and Ranging/LIDAR) is a technology based upon remote
sensing. The main advantage of applying LIDAR to
crime scene documentation is that we can obtain the trueto-scale and non-contact measurement of scenes.
Some research works of applying 3D laser
technologies to forensic science have been proposed.
In bloodstain analysis, 3D laser technologies provide
a useful way for analyzing the number and position of
bloodstains. The vertical component is determined more
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precisely than using conventional methods [7]. We can
create a virtual crime scene for reconstruction based upon
those 3D laser technologies (such as 3D documentation,
data merging and animation). The created virtual crime
scene can help investigators understand what happened
in the crime scene. [8]. Applications of hand-held 3D
laser scanners for ephemeral evidence are also done. We
can do some measurement on the collected 3D models
and get more information than 2D data. They also show
the ability to reconstruct missing elements from partial
evidence. Ambient lighting also has no negative effect,
unlike traditional photography [9]. Comparison between
'ODVHUVFDQQLQJVLQJOHLPDJHUHFWL¿FDWLRQDQGJURXQG
penetrating radar also had been done. In the case, a laser
scanner acts as the gold standard for the comparison due
to the quality of the geometrical results provided [10].
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However, few researchers mentioned about the
limitations of 3D laser scanner [11]. 3D Risk Mapping
[12] indicates that the laser beam is affected by the
absorption of the signal travelling through the air, the
UHÀHFWLRQ RI WKH PDWHULDO EHLQJ PHDVXUHG DQG WKH DQJOH
of incidence between the laser beam and the surface
being measured. This means that for very dark (black)
surfaces that will absorb most of the visible spectrum,
the reflected signal will be very weak, therefore the
point accuracy will be corrupted by noise. However, if
the reflectivity of an object is too high (such as metal
VXUIDFH WKHODVHUEHDPLVIXOO\GHÀHFWHGLQWKHPLUURULQJ
direction, and will hit another surface or spread into the
RSHQ7KLVGHÀHFWLRQUHVXOWVLQWKHSRLQWEHLQJPHDVXUHG
not being the point that the laser is pointing at, but
another point or no point at all. This type of noise is
called speckle noise. Surfaces with proper reflectance
(i.e. bright surfaces) give more reliable and precise range
measurements.
In this paper, we show some experiments and
examine results that may affect the 3D point clouds.
Three real crime scene cases are also proposed to show
the performance of applying LIDAR in crime scene.

Materials and methods
For the 3D documentation of the crime scene, a
3D laser scanner RIEGL VZ400 Fig.1 is utilized in this
paper. Such a system allows for the generation of millions
of 3D points in no time. The 3D laser scanner sends laser
beams to the investigation environment while rotating

Fig.1 3D laser scanner RIEGL VZ400

with a horizontal angle of up to 360° and a vertical angle
of up to 100°. A 3D model of the crime scene is created
out of the point cloud, using the RiSCAN software.
The 3D laser scanner and experimental procedures are
summarized as follows:

1)The terrestrial laser scanning system(Hardware)
The terrestrial laser scanning system (Riegl VZ-400)
used in this article is comprised of a rapid and accurate
3D scanner with the associated software (RiSCAN
Pro) [4,5,6] (please see Fig. 2). The measurement is
performed by using the time of flight to determine the
range and two encoders for the angular evaluation. Time
of flight scanners use a diode pumped laser and the
distance is determined based on the return flight time
of each laser beam (please see Fig. 3). Time of flight
scanners is well suited for large ranges, but they may
have a higher signal to noise ratio in short and medium
ranges than other comparable technologies. The accuracy
of these systems ranges between 3 and 8 mm and
seems enough for purposes in crime scene construction.
Precise mechatronics systems are used for positioning
the mirrors that orientate the laser beam to the measured
¿HOG$URWDWLQJPLUURUZLWKWUDYHOLVXVHGIRUYHUWLFDO
measurements and a servo motor that rotates 360° allows
horizontal scanning. Furthermore, the laser scanner
used in this experiment uses an infrared Class 1 laser,
which indicates that it is inherently safe and there is no
possibility of eye damage. The technical characteristics
of the laser scanner are shown in Table 1.

Fig.27LPHRIÀLJKWPHDVXUHPHQW
(r=CT/2, C=velocity of light, T=time) [4~6].
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Fig.3 7LPHRIÀLJKWPHDVXUHPHQW>a@
Table 1 Technical data from the Riegl VZ-400 terrestrial laser scanner
according to the manufacturer datasheet [4~6].
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2)RiSCAN PRO(Software)
RiSCAN PRO is the accompanying software
package for RIEGL 3D laser imaging scanners[4~6]. It
allows users to perform a large number of tasks including

VHQVRUFRQ¿JXUDWLRQGDWDDFTXLVLWLRQGDWDYLVXDOL]DWLRQ
data manipulation, data post-processing, and data
archiving [5]. Fig. 4 shows the workspace of RiSCAN
PRO.

Fig. 4 Workspace of RiSCAN PRO [4~6].

3) Experimental procedures
In order to document scenes, the procedures include
two steps:
A.3D data acquisition

At the scene, set new project

B. Post-process

Open new project
Download and convert data

1. New position n
2. Set the scanner at position
3. Set the scan pattern
4. Start scanning
5. Photoing
6. Repeating 1.~5.

1.Data visualization
(Color from images)
2.Data registration
3.Multi Station Adjustment

Download and
convert data into software

Display results
(Produce animations)

Fig. 5 Flowchart of 3D data acquisition.

Fig. 6 Flowchart of Post-process.
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Experiments
7KHUHDUHWKUHHPDLQSDUWVLQRXUH[SHULPHQWV¿UVW
we use the scanner to do a room scanning and check the
results; then, we use the scanner to test some translucent
materials. Finally, we apply the scanner to real crime
scene cases. The parameters of scan pattern panorama as
0.040° to scan mirror surface in all the experiments (about
20 million 3D point clouds in one time scan).

2-1) Particular surface- translucent materials
We set the parameter "scan pattern panorama" as
0.040° to scan six kinds of translucent materials. Fig.
9 and Table 2 describe those materials. Figs. 10 and 11
show their point clouds. With the scanning results, we
can see the point clouds of translucent materials are
GLI¿FXOWWRJHW

1) Data-shadowing
Laser beams move forward linearly like a light
source which will cause objects to shadow one another
and holes or voids to appear in the scan data. The effects
of shadowing can be minimized by setting more scan
positions from multiple angles. However, in some cases,
objects are very close to each other, data shadowing is
unavoidable, see Fig. 7.

Fig. 9 Six kinds of translucent materials.
Table 2 Six kinds of translucent materials
NO.

Translucent material

1

Half glass bottle of water
with a scale in it

2

Glass bottle

3

Glass bottle with uneven
surface

4

Half plastic bottle of water
with a black cap

Fig. 7 The laser beams are blocked.

5

Plastic bottle

The Riegl VZ-400 has a minimum scanning range
1.5m. Anything in the area can't be recorded, see Fig. 8.

6

Plastic drawer with uneven
surface

Data shadowing

Fig. 8 Minimum scanning range 1.5m.

Fig. 10 The scanning result of front view of six
translucent materials.
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is that the laser will be blocked. The effect may due
to the highly reflective substance, some window films
have special ingredients, like metal (for heat insulation
or privacy) or something else. Figs. 14-17 show some
experiments.

Fig. 11 The scanning result of lateral view of six
translucent materials.
A number of materials have a semi-transparent
FRDWLQJ WKDW DOORZV WKH ODVHU EHDP WR UHIUDFW DQG UHÀHFW
in the material itself (i.e. plastic, marble) (please see
Fig. 12). These effects lead to an addition constant to the
distance measurements, which has to be regarded in the
computation [12].

(a) Front view

(b) Lateral view

Fig. 13 The scanning result of a gunshot window

Fig. 12 Refraction effects in translucent
materials [12].

2-2) Particular surface- glass
In burglar or gunshot cases, we usually see lots
of broken windows. The patterns of broken windows
may help us determine what kind of tools or weapons
WKHVXVSHFWXVHG+RZHYHULWLVGLI¿FXOWWRJHWWKHSRLQW
clouds of glass materials correctly.
Fig.13 (a) and (b) show the front view and lateral
view of a gunshot window. We cannot get the correct
point clouds. When we put window films on the
windows, two situations would happen. One is that the
laser will penetrate and hit the objects behind, another

Fig. 14 The scanning result of a windshield with
ZLQGRZ¿OPVRQLW

(a) Front view

(b) Behind the windshield

Fig. 15 The scanning result of a windshield with
ZLQGRZ¿OPVRQLW
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(a) Photo

(a) Photo

(b) Point clouds

(b) Point clouds

Fig. 16 7KHVFDQQLQJUHVXOWRIDZLQGVKLHOGZLWKZLQGRZ¿OPRQLW

(a) Photo

(b) Point clouds

Fig. 17 7KHVFDQQLQJUHVXOWRIDEDFNZLQGVKLHOGZLWKZLQGRZ¿OPRQLW

2-3) Particular surface-Automotive paints
Automotive paint is another issue of effecting the
construction of point clouds. Some paints have peculiar

composition, such as mica segments, metal (aluminum,
zinc...) powder. Figs. 18-24 show some car paint surfaces
documented by our laser scanner.

Fig. 18 A photo of a black BENZ car.

Fig. 19 The scanning result of a black BENZ car.
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Fig. 20 A photo of a white TOYOTA car.

Fig. 21 Scanning result of a white TOYOTA car.

Fig. 22 A photo of a black MITSUBISHI car.

Fig. 23 Scanning result of a black MITSUBISHI car.

Fig. 24 Scanning result of a bullet hole on a car door.

2-4) Particular surface-mirror
Figs.25 and 26 show the scanning results on mirror
surface. In order to display scanning results, we remove
some unconcerned point clouds. With the scanning results,
ZH¿QGWKDWZKHQDODVHUEHDPKLWVWKHPLUURUVXUIDFHLW
mirror

ZLOOEHUHÀHFWHGIURPWKHVXUIDFHDQGKLWWKHREMHFWWKHQ
return again to the mirror surface. Finally the laser beam
reaches the instrument receiver. Point cloud of virtual
objects behind the mirror will be generated.

Virtual objects

Fig. 25 The result of mirror surface scanning (top view).

Fig. 26 The result of mirror surface scanning (the red line
represents the laser direction).
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2-5) Particular surface-metal
Figs. 27 and 28 show the scanning results on metal
surface. In order to display scanning results, we remove

some unconcerned point clouds. We get a similar result
as the mirror surface experiment.
Virtual objects

Fig. 27 The metal doors for metal surface scanning.

Fig. 28 The result of metal surface scanning.

3) Beam Divergence
Beam divergence is the expansion of a laser beam (in
diameter) as it moves outward from the instrument. The
location data of the measured point return to the sensor
can be anywhere within the bounds of the laser spot
size. Therefore the data at greater distance can be less
reliable and less accurate. There are ways to minimize
the effects of beam divergence such as focusing the
laser at greater distances (long range mode) or set more
scan positions. However, beam divergence is still an
important consideration in projects. Fig. 29 shows the

control panel of our scanner. The technical data come
from manufacturer datasheet. Panorama scan 0.010°
represents angular Stepwidth between consecutive scan
lines. "0.010° = 2cm@100m" means distance between
two point cloud at 100m away. We set scan pattern
panorama 0.040° and distance 5m, 10m, 15m, 20m to
scan some scales, labels and tags which are commonly
used in scene documenting. Fig. 30 shows labels, tags,
and scales which are used at crime scene. Figs. 31 and 32
show the scanning results of Fig. 30.

Fig. 29 The control panel for parameters of panorama setting on our scanner.
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(a) Labels, tags, and scales

(b) a meter rod

Fig. 30 The labels, tags, and scales which are used at crime scene.

(a) 5m

(b) 10m

(c) 15m

(d) 20m

Fig. 31 The scanning results of the labels, tags, and scales.

(a) 2m

(b) 5m

(c) 10m

(d) 15m

Fig. 32 The scanning results of the meter rod.

(e) 20m
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4) Color (RGB) information/Intensity/Texture
In addition to collecting surface measurements
for an object, many laser scan systems include the
option to collect intensity values as well as color/RGB
LQIRUPDWLRQ,QWHQVLW\GDWDLVDPHDVXUHRIWKHUHÀHFWLYH
value of a surface and is typically displayed as grayscale
whereas RGB data is full color. While RGB collection
DGGVDSKRWRUHDOLVWLFTXDOLW\WRVFDQVLWFDQEHGLI¿FXOW
to collect accurate color information for an object. RGB
color captured internally or externally to the scan system
is subject to the lighting environment in which a scan
LV WDNHQ ,I WKH OLJKWLQJ FKDQJHV RU ÀXFWXDWHV GXULQJ WKH
data acquisition process, individual scans will vary in
brightness and contrast across the object and can result
in color artifacts if not properly adjusted during data
processing. In short, when combining multiple scans
across an object or structure, it can be a challenge to get

uniform and consistent color across the object.

5) Size/Thickness
The technical data of the Riegl VZ-400 terrestrial
laser scanner according to the manufacturer datasheet
LQGLFDWHVWKDWDFFXUDF\LVPP,QRUGHUWR¿QGRXWLILW
will affect scanning results, we prepared 5x5 cm paper
planks and overlapped, see Figs. 33 and 34. We set
panorama 0.040°, 5m to scan the paper planks. With the
VFDQQLQJUHVXOWV )LJDQG7DEOH ZH¿QGWKDWZKHQ
layers more than 3, we can identify the paper plank from
background. When comes to more than 4 layers, we can
distinguish obviously. But the premise is that there are
enough point clouds. We can increase point clouds by
setting more scan positions or shortening the scanning
range.

Fig. 333DSHUSODQNVIRURXUH[SHULPHQW ¿UVWURZLVVLGHE\VLGH 

Fig. 34 Paper planks for our experiment.

Fig. 35 The scanning result of Fig. 33.
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Table 3 Paper planks for our experiment.
Side by side
layers

1

2

3

4

5

6

1.2

2.88

3.85

5.17

6.51

7.57

Measurement
(mm)

1.5

2.54

3.90

5.23

6.32

7.75

1.4

2.73

3.91

5.07

6.38

7.7

average(mm)

1.4

2.72

3.87

5.16

6.40

7.67

StdDev(mm)

0.16

0.17

0.03

0.08

0.10

0.10

Separate
layers

1

2

3

4

5

6

1.2

2.44

3.70

4.96

6.33

7.55

Measurement
(mm)

1.2

2.47

3.80

5.02

6.37

7.67

1.2

2.48

3.70

5.06

6.32

7.68

average(mm)

1.2

2.46

3.73

5.01

6.34

7.63

StdDev(mm)

0.02

0.02

0.06

0.05

0.03

0.07

6) Real cases
)URPWKHUHVXOWVRIDERYH¿YHH[SHULPHQWVZHFDQ
see some limitations for using LIDAR. So, we need to
be care and avoid any improper explanation for the point
clouds of crime scene.
In the following experiments, we use LIDAR to
record three real crime scene cases. From Figs. 36-38, we
can see the capability of LIDAR for recording the whole
model of crime scene. However, we need to beware

(a) Indoor view1

when we check the point clouds of models based upon
above limitation experiments.
The first case is a construction site burglary (Fig.
36). A notebook and some money in the office were
stolen. The second case is a house burglary (Fig. 37). The
thief destroyed the grille of the kitchen, and stole some
cash and jewels. The third case is also a burglary (Fig.
38), the type of residence is three-bedroom apartment.
Some cash and consumer electronics devices were stolen.

(b) Indoor view2

(b) Indoor view2

