Using structured light three- dimensional surface scanning on living individuals: key
considerations and best practice for forensic medicine

Abstract
Non-contact three-dimensional (3D) surface scanning methods have been applied to forensic
medicine to record injuries and to mitigate ordinary photography shortcoming. However, there are no
literature concerning practical guidance for 3D surface scanning of live victims. This paper aimed to
investigate key 3D scanning issues of the live body to develop a series of scanning principles for
future use on injured victims. The Pico Scan 3D surface scanner was used on live test subjects. The
work focused on analysing the following concerns: 1) an appropriate 3D scanning technique to scan
different body areas, 2) the ideal number of scans, 3) scanning approaches to access various areas of
the body and 4) elimination of environmental background noise in the acquired data. Results showed
that scanning only a required surface of the body area in the stable manner was more efficient when
compared to complete 360°-scanning; therefore, it used as a standard 3D scanning technique. More
than three scans were sufficient when trying to obtain an optimal wireframe mode presentation of the
result. Three different approaches were suggested to provide access to the various areas of the body.
Undertaking scanning using a black background eliminated the background noise. The work
demonstrated that the scanner will be promising to reconstruct injuries from different body areas,
although the 3D scanning of the live subjects faced some challenges.
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Introduction
Although the photography plays an important role in preserving the forensic evidence,1 it cannot
record the complexity of injuries in depth because these images are flat and only having two
dimensions (x and y). This means the three-dimensional (3D) injuries are reduced to two-dimensional
level,1-4 the 3D geometry of the injury, the real intrinsic information and the life size of the injury all
are lost. Moreover, the digital photography can produce two dimensional (2D) images with
photographic distortion,5,6 affected by any kind of noise,7 and simply influenced by some factors,
such as camera position, angle of acquisition and lighting condition.4 These shortcomings have an
impact on the accuracy. Therefore, the 2D documents of forensic wound are logically insufficient and
less than optimal for wound interpretation at the medico-legal centre and for wound presentation at
the court-room. These deficiencies underline why there were recommendations to record forensic
injuries using non-contact 3D surface acquisition methods.3,8-10
Non-contact 3D surface scanning methods are used to compute 3D coordinates (x,y,z) of object’s
surface points11 and represent the 3D surface geometry without touching the object. They include
two different scanning techniques: passive and active. Passive scanning methods rely on taking series
of photographs recording from different angles of the object surface and finding correspondences
between the different photos using a photogrammetric software,12 i.e., they are photos-based
measurement techniques. Active scanning methods reconstruct the surface object by projecting kind
of light to the object’s surface such as a laser beam or a light pattern.13
The active 3D surface scanning techniques can be used as powerful methods to document forensic
injuries3,9 because the 3D outcomes provide a higher level of accuracy and resolution.3,8,14 They are
not new technology, they have been applied for several purposes including, for instance, plastic
surgery, facial mapping, recording traffic accident at a crash site,11 in addition to the heritage15 and
archaeological applications.16 The active 3D surface scanning method, Streifenlichttopometrie, was
introduced to the forensic medicine in 1998 in Germany,14 and ATOS structured light 3D scanners
have been applied in Switzerland since 20033,17,18; however, ATOS scanners involve more conditions
to produce high resolution results.19 Within forensic medicine, active 3D surface scanning technology
has limited use due to the cost and the manipulation of the victim required. Thus, it is not completely
integrated into the routine forensic work everywhere, even though the method has a potential role in
reconstructing the injuries which would have a great significance in the future.9,18
Although alternatives passive 3D technology exists, examples such as photogrammetry are not
superior in recording forensic injuries since it cannot obtain the same level of the accuracy and points
density when compared to the active 3D scanners.4,8,20 It is a passive method, does not project coded
light; thus, the finding correspondence between photos is more difficult.21 The lighting condition may
have also an impact on photos matching.4,21 Moreover, 3D passive technology is affected by the
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motion and breathing process of a live subject, especially when a single camera photogrammetry is
used for full body surface scanning. These impacts produce a set of photos that fails to generate an
adequate 3D model.19 Thus, obtaining a small number of photos in short time is recommended22,23;
however, these solutions will add extra deficiency to the quality of the 3D final model. Using a
multiple camera photogrammetry to record injuries such as DI3D10 is not practical; in addition to the
cost and space requirement. Hairy and wet areas of the body are difficult to record perfectly with
passive 3D methods.19,21,22 Despite recent advances of 3D passive methods, they are not the perfect
choice to reconstruct injuries in live victims.
Laser and structured light scanners are two types of active 3D surface scanning. The structured
light scanners are actively used in many applications.24-27 Their popularity is underlined by the
accuracy of 3D surface geometry coupled with rapid acquisition speeds.26 Although all 3D noncontact measurement methods prefer an object to be static, moving objects can be scanned by the 3D
structured light technique as it is able to measure almost the entire field of view at once instead of
scanning one point.28 Coded structured light methods are able to cope with the correspondence
problem of the passive 3D technology by giving specific code-words to every point on the object
surface.12,24,25,29 These coding strategies play an important role in providing accurate 3D results. Also,
structured light methods have no safety issues and risk-free to the subjects. These advantages will
make it a scanner of choice in recording injuries of the live victims. In contrast, laser scanners are
clearly challenged by motion artefacts,23 they require objects to be motionless for a longer period.
The laser scanners emit a laser beam to the object’s surface and moves slowly across the surface then
reflects to a sensor,19 during the measurement time any movement will lead to distortion of collected
image points.30 Also, there is a concern about the laser effect on sensitive areas of the body such as
the retina. Although there are laser systems designed for human scanning, it is better to avoid this
scanner type with human body. Furthermore, 3D laser scanning is hardly digitising dark surfaces as
the laser absorbed by the dark color31; in addition, it has no automatic reconstruction of the colour
texture information into the 3D mesh.9
Although the 3D structured light surface digitization is the method of choice for living individuals,
there are no written standard procedure for live victim’s 3D scanning. Therefore, the primary
objective of this paper involved using the 3D structured light scanner to investigate the 3D scanning
issues of the living body for setting up a series of guidelines for future use on injured live subjects.
The study centered on determining the appropriate 3D scanning technique to reconstruct a body area,
deciding the ideal number of scans and eliminating the environmental background noise in the
acquired data and this must be achieved by suggesting applicable approaches to access various areas
of the live body.
3

Methods
The Pico Scan 3D scanner was selected to conduct this work. The Pico Scan system is 3D
structured light scanner consisting of a Pico LCD projector and a canon EOS 1100D camera. The
projector has a resolution of 800 x 600 pixels and the camera has a resolution of 968 x 644 8 bits. The
projector projects coded structured light on a measurement surface where the camera captures the
images of the illuminated surface. It is well known that the reconstruction of a 3D shape by the
structured light scanning is estimated from the deformation of the projected light patterns by the
geometric shape of the surface.11,12,18,19,24,28,29 The 3D computation of surface points by the Pico scan
is based on a Phase Measuring Profilometry (PMP) principle. The PMP principle is one of the most
robust and precise method among all 3D structured-light methods. The major benefits of PMP are
high accuracy of 3D data measurement,20,25 accurate sub-pixel correspondence between the projector
and the camera,20 high spatial resolution result20,32 and robustness to obtain color texture.25 In addition
to high speed 3D measurement.20,25,33 The Pico Scan 3D scanner’s results have a point to point
distance of 0.16 mm and a point accuracy of 0.1 mm.
The scanning process was conducted in two main phases: scanning phase followed by post
processing phase. The scanning phase was conducted by a Pico Scan 3 software, began with data
acquisition. The data acquisition involved illuminating the scanned view with structured light stripes
and the camera recorded 14 images of the illuminated surface in addition to one color textured
mapping image in each scan (Fig. 1). The acquisition speed was around 18-20 s for each separate
scan. The data acquisition followed by data processing and reconstruction of 3D raw data (3D point
cloud).

Fig. 1. Some of acquired images with structured light, plus one colour textured mapping image.

In the post processing phase all 3D reconstructed raw data were imported to a separate software
program called Mephisto process. This was used for manual noise cleaning of the all data, integration
of the all data with the main data, alignment and final processing of the all data. All input data were
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combined into a single 3D data, final 3D model, which consisting of recognizable geometry and color
textured information. Exportation of the final 3D image was done in ‘Ply’ file format which supports
vertex color, normals, UV’s, points and faces. The final 3D image in Ply file format was presented in
the textured and wireframe mode by a 3D MeshLab software for subjective visual assessment. Fig.
2. Summaries the scanning process of the Pico Scan 3D scanner.

Scanning phase

Post processing phase

Data acquisition

Noise cleaning of All
3D data

Data processing

Integration with the
main data

Reconstruction of 3D
raw data
(3D point cloud)

Alignment & final
processing of all data
Final 3D image

Fig.2. Workflow of scanning process using the Pico Scan 3D Scanner.

In order to have accurate scanning results, the scanning process must be preceded by a geometric
calibration procedure. It is the key step which ensures the Pico Scan 3D scanner can attain accurate
absolute measurement values. The procedure was achieved with a standard calibration board size,
21x15 squares (25x18 cm). However, Calibration board can be enlarged or reduced based on the
object size. The calibration result was excellent when the values were from 0.2 to 0.5. Although the
calibration procedure guaranteed the accuracy of the results, number of scanning criteria were
suggested and followed to raise the efficiency of the results, these criteria include:
1-The 3D reconstructed raw data should be free from environmental background noise and distorted
points which generated from the scanned area and caused by motion.
2-The points of the 3D reconstructed raw data should be manipulated as a single cohesive entity in
the Mephisto process software.
3-All 3D reconstructed raw data should have the same degree of distributed scanner light and the
same degree of the color textured information.
4-All 3D reconstructed raw data should have clear anatomical features of the scanned area.
If the 3D raw data fulfilled these criteria, the data processed to generate the final 3D image.
Volunteers read a research participant information sheet, which contained information about the
work, the scanning procedure, the possible risk, confidentiality and right of withdrawal. Informed
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consent was also obtained from all individual participants. Removing jewelry, watch, clothing and
other items was required before scanning. The scanning process took place indoor and any source of
light was eliminated. The structured light illuminated a localized bare body area corresponding to the
calibration board size. The minimum and maximum scanning distance were around 100 and 700 mm
respectively. When the scanning process was completed, the data and images were stored on a
password protected university computer and all data were anonymized. The basic 3D scanning issues
were investigated on bare different body areas of live test subjects, results analyzed and discussed
separately as following:
1-The appropriate 3D scanning technique to reconstruct a body area:
The technique used for 3D surface scanning of the body area was the primary issue, a decision had
to be made whether the area was reconstructed using 360° scanning, complete scanning over the
entire area, or scanning only one surface, desired surface, in the stable manner. The previous
works1,5,9,10,22,34 reconstructed injuries by scanning only the injured surface; however, in order to
decide the scanning technique in this work, a foot was scanned in two ways; i.e., 360° scanning and
scanning only one surface in the stable manner. The scanning process in both methods were
undertaken with the same experimental conditions and with the same scanner parameters. Fixing an
object and moving the scanner around is not practical when scanning an area of live body; thus, the
360°-foot model was acquired by movement of a volunteer in the constant circular manner from one
view to another. The outcome of 360°-foot scanning was multiple 3D raw data. The 3D data which
were then integrated and processed together after noise cleaning. A final 3D model based on 360°foot scanning was visualized in the wireframe mode of the MeshLab software however, overlapping
shadow impaired the quality of the final image. When scanning one surface in the unchanging
manner, limited data were produced which was desirable. However, using this method also mitigated
the unwanted shadow produced in the previous technique. The final 3D image was of good quality
and provided clear visualization.
The different areas of the upper limb were difficult to access by the scanner when attempting to
scan them in 360°; therefore, the wrist joint was scanned from at least two different views; anterior
and anterolateral surface. Also, the area was scanned in the one view, unchanging manner. The final
3D model resulting from scanning the anterior and antero-lateral surfaces of the wrist joint had poor
quality due to the overlapping artefact (Fig. 3), whereas the final image generated from scanning only
one surface in the stable manner was free from artifact and had clear visualization (Fig. 4).
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Fig. 3. Final 3D model of the wrist joint with overlapping artefact.

Fig. 4. Final 3D model of the wrist joint free from artefact.

The poor quality of the final 3D model was explained by physiological artifact resulting from
muscle activity. When the scanned area was moved from one view to another, the physiology of the
movement influenced the result and caused artefact. While scanning a view in the stable manner
produced good result free from artefact. Movement from one view to another requires muscle
contraction and relaxation and this causes change in the muscle contours (Fig. 5). Therefore, the
calculation of 3D coordinates of some previously measured points in the first view will not be in the
same 3D position in the new view resulting in some points lose their alignment and overlapping
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shadow artefact. Conversely, scanning a view in the stable manner produced good results free from
artefact.

Fig. 5. The bottom image shows the modification of the muscle contour in Thenar eminence,
Tendon of Flexor carpi radialis muscle and Tendon of Palmaris longus when the area was moved
from the anterior to the antero-lateral view.

In addition to the muscle activity, there were other technical issues that affected the scanning
process when attempting to obtain a complete 3D model from scanning the entire area. These
technical considerations included:
a- Scanning the area in 360° required a prolonged scanning time approximately twenty minutes.
Prolonged scanning time is unwanted as the participant will move during the process and add extra
motion artefact to the results. Minimizing the scanning time is recommended to reduce the motion
artefact and increase the quality of the results.22,23 Moreover, the method will be applied in the future
to injured participants, it would be unacceptable to expose wounds for extended period.
b- Scanning the area in 360° generated many 3D reconstructed data around thirty-four in total.
However, not all were used in the integration step. These data demanded time for manual noise
cleaning, integration, and final processing. The overall processing time also was variable between the
two scanning techniques.
c- Integration of different scans required drawing reference markers, during which time it was
preferable to avoid touching the subject area.
In light of the above, scanning only one surface (required surface) of the body area in the stable
manner was recommended as a standard 3D scanning technique as this technique eliminated the
negative impact of the muscle activity and provided better image acquisition when compared to
complete 360°scanning technique.
2-The ideal number of scans:
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Due to the absence of standards regarding the appropriate number of the scans and the number of
data points in each scan, the optimal number of scans had to be determined. Ebert et al18 stated that
the number of scans is limited to two or three scans to avoid the negative effect of motion. Sansoni et
al9 described that three scans are used to scan the forehead injuries. Ehlert et al35 considered that each
scan has about 400,000 data points. However, ultimately the decision will be based on the type of
used scanner, the aim of the application, the researcher needs and the scanned object details and size.
In order to decide roughly how many scans should be obtained by the Pico Scan in this work, the
following test was performed. Different numbers of scans were taken to the wrist area. The anterior
surface of the wrist joint was scanned with 2, 3, 4, 5, 6 scans respectively (Fig. 6). The volunteer was
able to maintain stability during these scan’s number. The presentation of final 3D images in the
MeshLab software demonstrated that results were all similar to each other, all provided an acceptable
appearance. However, when the wireframe 3D images on the screen were inspected more closely,
differences were noticeable between images based on the number of scans. The wireframe 3D images
resulting from more than three scans remained clear after zooming in, while the 3D images resulting
from two or three scans lost their clarity upon closer inspection. This consideration is important since
the presentation of forensic evidence in the courtroom usually requires on screen magnification and
manipulation to display crucial findings. Therefore, the number of scans in the relevant view was
decided to be more than three scans for wireframe mode presentation. However, in a practical field,
it is expected that some scans will be affected by movement, the data that will be clearly affected by
the movement artifact will not be processed; thus, the number of scans and the mode of presentation
in the MeshLab software will be based mostly on researcher’s decision.

Number of vertices

Number of vertices in final 3D images resulting from
different number of scans
500
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400

416.873

435.967

288.339

300
200

117.887

100
0
2 scans

3 scans

4 scans

5 scans

6 scans

Different number of scans for the same view

Fig. 6. More than three scans provide excellent number of vertices in the final 3D image.

3-Elimination of the environmental background noise in the acquired data:
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Although the maximum distance of the scanning process was determined, the Pico Scan 3D
scanner was still able to record any object in the scanner’s field of view beyond the maximum distance
and generated a large amount of noise, back ground noise, in the data set. The formation of the noise
was related to the value of the aperture and the intensity threshold of the light. When the aperture was
larger (lower f/stop value) and the intensity threshold of the light was low, the background noise
would be acquired clearly. Moreover, slow shutter speed generated the background noise even when
the intensity threshold was high. Although the noise can be removed manually before the data
processing, it is preferable to eliminate or reduce it from outset. This is because the camera sensor
has limited range, acquiring noise during the scanning process will reduce the possibility of capturing
more relevant data.
Therefore, a black background (screen) was placed behind the scanned area in order to eliminate
the background noise formation in the acquired data set. The anterior aspect of the wrist joint was
tested twice i.e. with and without the background. In each test, the area was scanned five times.
Scanning was initiated under the same circumstances and using the same scanner parameters, such as
calibration results, reconstruction and processing values. The total number of removed noise from all
five-3D reconstructed raw data in the first test without using the black background was 669,397
points. While the total number of removed noise in the second test with using the background was
120,654 points. Therefore, using the black background reduced the noise formation from 669,397 to
120,654 points (Fig. 7). The eliminated noise was the background noise. It is worth mentioning that
using the background did not only eliminate the background noise formation, but also provided the
opportunity to the camera for more useful data acquisition. Therefore, using the black background
was strongly recommended for scanning process.

Number of removed noise
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Number of removed noise without using the background
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Fig.7. Using the black background eliminates the background noise.
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4-Approaches to access different areas of the body:
3D active surface scanning originally designed for static objects; thus, in order to enable the
scanner accessing the different areas of the body, three different approaches were proposed, aimed to
make the area easily accessible by facing the scanner. During these approaches, participants were
aware to maintain the same position.
Scanning approach No.1:
It was proposed to access the different areas of the upper limp. The Pico Scan system was fixed on a
tripod at a height about 110 cm, the volunteers were in the standing position. A target surface of the
upper limb was faced the scanner, rested on an ordinary stand matching the height of the scanner.
Scanning approach No.2:
It was proposed to access the different areas of the lower limp (foot, ankle and lower 2/3 of the leg).
The Pico Scan system was fixed on the tripod at a height about 22 cm, the volunteers were in the
standing position. The wanted surface of the lower limb was faced the scanner. The upper third of the
leg, knee joint and lower third of the thigh were accessed by facing the scanner while the tripod at a
height about 55 cm.
Scanning approach No.3:
It was proposed to access the torso (chest and abdomen). The Pico Scan system and the volunteers
were in the same condition of the approach No.1. The area (the chest or abdomen) was faced towards
the scanner, then the scanner level was adjusted to the chest or abdominal level.
Different areas of the upper, lower limb and torso were accessed by the previous suggested
approaches. The scanner was able to create good quality of 3D images for different bare areas of
upper and lower limbs with the exception of the anterior surface of the foot. Scanning result of this
surface showed blurred visualization of the toes area in the Mesh Lab software, this may have
occurred because the anterior surface of the foot was faced upward, it was not fully faced the scanner
and not fully illuminated by the light, while scanning results of the medial and lateral surfaces of the
foot had good visualization as these areas were faced and received the projected light equally.
Moreover, scanning results of the torso were unsatisfied as all reconstructed raw data had
horizontal lines (Fig. 8) and distorted points (Fig. 9). The distorted points explained mostly by the
movement of the volunteer despite trying to keep constant during scanning. While horizontal lines
were resulting from thoracic and diaphragmatic breathing. Although, the PMP principle of the Pico
Scan 3D scanner is characterized by high speed 3D measurement, the 3D reconstructed data were
affected by the breathing as it is continuing physiological process. Asking the participant to stop
breathing during the acquisition time should control the breathing artefacts, but will not be practical.
However, scanning the torso area in the sitting position with a very cooperative volunteer or trying
11

faster acquisition speed, less than 20 s/scan could overcome motion and breathing effects. Urbanova
et al19 obtained the same result, they stated that scanning full body surface of a living person in the
standing position by two types of 3D passive methods (VH1scanner and photogrammetry) are failed
to produce satisfactory results due to the movement of a volunteer and breathing effect. While
scanning the body in lying position influenced mainly by the breathing.

Fig. 8. 3D reconstructed raw data of the chest with multiple horizontal lines.

Fig. 9. 3D reconstructed raw data manipulated to show distorted points highlighted in red colour.

It is important to mention that the Pico Scan 3D scanner easily represented the moist surface, hairy
areas, dark coloured skin and an area with coloured tattoo. While, Urbanova et al19 concluded that
the algorithm of VH1 scanner skips forming a mesh and resulting a hole in hairy region while
photogrammetry forms a model of distorted geometry for the same region. Also, the same methods
are failed to generate satisfied results with moist area or area covered with body fluid. Villa22 cited
that acquiring hairy areas by the passive 3D method requires special care as the camera of
photogrammetric technique focus on hair rather than the injury, and scanning the wet area with water
can cause error in photos orientation. Joun Tzou et al21 maintained that Vectra H1, Axisthree
structured light scanner, DI3D, and 3dMD are 3D systems having limitations in scanning hairy areas.
Discussion and Conclusion
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Traditional photography reduces 3D injuries to 2D level; moreover, it can be negatively affected by
some practical and environmental factors, such as a distance, lighting condition and angel of
acquisition. There are also additional factors to consider when applying new technology, such as level
of expertise required to use the method, the cost of the equipment and the ease of interpretation. All
of these constraints are also exhibited by passive and laser 3D surface technologies currently used in
the forensic sciences. Nonetheless, structured light 3D surface digitization has been shown to be
appropriate for recording injuries and has distinct advantages over traditional photography or
photogrammetry, particularly with regard to accurate measurement. Unfortunately, much of the
current application of this method is in the archaeological setting and as such there is no guidance for
easily implementing the method on living individuals. This study analyzed the main 3D scanning
issues using live test subjects and the Pico Scan 3D scanner to set up guiding principles for future use
on injured victims. Guidance has been suggested based on the resultant gathered data. The study
demonstrated that 1) scanning a required surface of the body area in the stable manner was more
efficient when compared to complete 360°-scanning of an area because the particular surface
scanning technique eliminated the negative impact of the muscle activity and provided better image
acquisition; thus, it used as a standard 3D scanning technique to reconstruct bare different areas of
the live subject. 2) More than three scans were ideal to obtain optimum wire frame mode
representation of the scanned view; however, the number of scans and the mode of presentation will
be based mostly on researcher’s decision. 3) Using a black background was highly recommended to
eliminate the background noise in acquired raw data. 4) Three approaches were suggested to access
the different areas of the body. Although, 3D scanning of live subjects using the Pico scan 3D scanner
faced some challenges, the scanner was beneficial in generating tesxtured-3D models of different
bare areas of upper and lower limb and will be promising to reconstruct injuries from these areas.
Therefore, a further work will be conducted in a practical setting to reconstruct different types of
forensic injuries from wounded victims, so that the effectiveness of this method can be evaluated in
the field.
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