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Abstract
Introduction
In the last few years, postmortem 3D body documentation, especially through the use of
photogrammetry, has gained importance in the field of forensic medicine. For this purpose, conventional
digital cameras are used to capture information within the visible part of the electromagnetic spectrum
(i.e., visible light). Moreover, the use of multispectral photography allows the detection and
documentation of traces and injuries, for instance, in the ultraviolet (UV) or near-infrared (NIR) range,
which are otherwise invisible to the human eye. Although multispectral photography offers a wide range
of applications for legal investigations, multispectral photogrammetry is not yet well known or widely
used within the field of forensic medicine. Therefore, within this study and the framework of the
VirtoScan project, a method for multispectral whole-body photogrammetry was developed and
evaluated.
Materials and Methods
A multicamera setup based on four modified digital single-lens reflex cameras, different light sources,
and additional lens filters was mounted on a mobile wooden frame. The setup was used in combination
with a medical X-ray computed tomography (CT) scanner. Automatic table movement from the CT
scanner was used to capture consecutive image sets of the body from head to toe. In addition to
standard photogrammetry within the visible range, multispectral photogrammetry was performed under
UV and NIR light sources at 365 nm, 400 nm, 860 nm and 960 nm on undressed human bodies and
under blue light and NIR light sources at 450 nm and 860 nm on dressed mannequins. After the
multispectral photogrammetry procedure was finished, a whole-body CT scan was conducted to capture
the internal information of the human body.
Results
Multiview 3D reconstructions based on multispectral image data from four forensic cases and four
different sets of dressed mannequins were carried out successfully. The overall quality and level of
detail of the polygon models from the undressed bodies varied with regard to the spectral range of the
image data. Dressed bodies captured under blue and visible light exhibited reduced quality and reduced
level of detail on the polygon models within areas of dark-colored clothing. Whole-body photogrammetry
for undressed bodies took approximately 5 min under UV illumination and approximately 3 min under
visible light or NIR illumination. Whole-body photogrammetry for dressed bodies took approximately 12
min under blue-light illumination and approximately 4 min under visible light or NIR illumination.
Discussion and Conclusion
The multispectral camera setup allows the capture of whole body datasets in an extended spectral
range within a few minutes. With the help of photogrammetry software, textured 3D models for different
spectral ranges can be reconstructed. Multispectral 3D whole-body imaging in line with postmortem CT
examinations allows the combination of multispectral information from external body documentation
with radiological findings from internal body documentation. Multispectral 3D documentation extends
the postmortem forensic documentation of the deceased, as it detects (and documents) latent evidence
on the body and textiles and can assist in detecting subcutaneous injuries and bruises on the body.
Keywords: Photogrammetry, Infrared and Ultraviolet Photography, Multicamera Setup, 3D Body
Scanning, Forensic Imaging, Legal Medicine, VirtoScan
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1. Introduction
Within the last 24 years, the optical three-dimensional (3D) imaging of injuries and entire bodies has
become increasingly used within the field of forensic medicine and has been proven to add beneficial
value to forensic investigations [1]–[13]. In 1997, Brüschweiler et al. [1] demonstrated how the use of
photogrammetry could be applied to forensic investigations to match an injury with the injury-causing
object. Since then, a variety of optical 3D imaging systems have been used for the purpose of 3D injury
and whole-body documentation. The use of optical 3D imaging has been shown to assist in 3D
reconstructions of crime and accident scenes [7]–[9], [14]. Additionally, studies have presented
workflows to combine optical 3D data with radiological datasets from medical X-ray computed
tomography (CT) [7], [8], [14]–[16]. Within recent years, single-camera and multicamera
photogrammetry setups have been increasingly used for 3D whole-body imaging [17]–[20]. However,
to date, the use of optical 3D imaging has mainly focused on the documentation of color information
based on the visible part of the electromagnetic spectrum (i.e., visible light). Visible light corresponds
to the spectral range of the electromagnetic spectrum that is visible to the human eye. Precise limits for
the spectral range of visible light do not exist. The International Commission on Illumination
(Commission Internationale de l´Eclairage – CIE, Vienna, Austria) has therefore defined the lower limit
between 360 nm and 400 nm and the upper limit between 760 nm and 830 nm [21].
Although two-dimensional multispectral imaging, such as ultraviolet (UV) photography and near-infrared
(NIR) photography, are established tools to detect, visualize and document evidence that is otherwise
invisible to the naked eye, 3D multispectral imaging is not yet well known or commonly applied in this
area. UV and NIR radiation are adjacent to the visible part of the electromagnetic spectrum. UV radiation
is characterized by shorter wavelengths, ranging from 100 nm to 400 nm [21]. NIR radiation, in contrast,
is characterized by longer wavelengths, ranging from 780 nm to 1400 nm [21]. An application that is
most commonly associated with multispectral photography within the field of forensic science is the
detection and visualization of latent bruises and injuries on the body [22]–[36]. Additionally, multispectral
photography is commonly used for the detection and documentation of gunshot residue and bodily fluids
on textiles and skin [37]–[44]. Apart from our recent publication [45], our literature research revealed
that there is currently only one publication reporting the use of 3D multispectral photogrammetry of
crime scenes [46]. Studies regarding the use of 3D multispectral imaging for forensic applications seem
to be underrepresented within the scientific literature, whereas publications regarding 3D multispectral
whole-body examinations of undressed bodies appear to be absent entirely.
To address the lack of information in this area, we aimed to build a simple and inexpensive multispectral
3D imaging setup for postmortem full-body examinations in combination with a medical CT scanner.
The objective of this study was to investigate the feasibility of performing 3D multispectral imaging on
dressed and undressed bodies using multicamera close-range photogrammetry. Furthermore, we
aimed to test the applicability of 3D multispectral imaging of dressed bodies with selected stains (bodily
fluids and spray paint) on white and black clothing.

2. Materials and Methods
2.1. Imaging setup
The 3D multispectral imaging setup was based on a multicamera rig that was used in conjunction with
a medical CT scanner (Somatom Definition Flash, Siemens Healthineers, Erlangen, Germany). The
construction and design of the setup are described in our previous reports [17], [19], [45]. The
multicamera rig was composed of a wooden mobile frame carrying four modified digital single lens reflex
(DSLR) cameras (EOS 200D, Canon Inc., Tokyo, Japan) in combination with 40 mm lenses (EF 40 mm
f/2.8 STM, Canon Inc.). Camera modification involved removal and replacement of the original camera
filters in front of the sensor with a multispectral glass filter (transmission range: 190–4000 nm). The
modification was carried out by a camera specialist (Optic Makario GmbH, Mönchengladbach,
Germany). Each camera was equipped with a remote shutter control (Yongnou RF-603C II, YongNuo
Photographic Equipment Co., Ltd., Shenzhen, China) depending on the spectral range of the
photogrammetry set and a specific set of lens filters and light sources (Tables 1–3). A photograph of
the 3D multispectral imaging setup in combination with the CT scanner is shown in Fig. 1. A more
detailed description of the setup can be found in our recent publication [45].
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Fig. 1. Multispectral photogrammetry setup equipped with four modified DLSR cameras,
NIR light sources, IR longpass filters and remote shutter controls. The setup is placed
in front of a CT gantry and aligned centrally above a dressed mannequin.

Table 1. Lens filters used for multispectral photogrammetry. Detailed information about the 50% transmission
rate of IR neutralization filters is not available. According to the manufacturer, IR neutralization filters
restore the original camera transmission range and color representation.
Manufacturer

Filter name

50% transmission [nm]

Approx. transmission range [nm]

Optic Makario

yellow

460

450–1100

Optic Makario

orange

550

540–1100

Optic Makario

IR neutralization

N/A

Original camera transmission range

Optic Makario

IR longpass

850

810–1100

Table 2. Tunable light sources used for multispectral photogrammetry.
Manufacturer

Product name

Wavelength [nm]

Class

Dedolight

DLOBML-BI-UV, Fluoreszilla

365–400

UV

Dedolight

DLOBML-BI-BB, LedZilla

450–470

Blue light

Dedolight

DLOBML-BI-IR, iREDZILLA

860–960

NIR
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2.2. Imaging workflow
Multispectral whole-body photogrammetry was carried out semiautomatically. For image acquisition,
the multicamera rig was first placed in front of the CT gantry and aligned centrally above the CT
couch/body. Subsequently, image acquisition was carried out. The operating software of the CT
scanner (Syngo CT 2012B, VA44A, Siemens Healthineers, Erlangen, Germany) was used to move the
CT couch in consecutive steps underneath the multicamera rig. Between each step, the movement of
the CT couch was stopped, and the cameras were triggered. This procedure was carried out for the
entire length of the body. Multiple sets of whole-body photogrammetry involving different light sources
and lens filters were needed to acquire a full 3D multispectral dataset of one body. For each
photogrammetry set, the multicamera setup had to be adapted.
For the photogrammetry set within the visible spectrum, standard ceiling lighting was used as the light
source, and an absorptive filter, called an IR neutralization filter, was attached to each camera lens.
This filter restores the default transmission characteristics from the original camera configuration (Table
1). For the photogrammetry set based on NIR illumination, a tunable NIR light source with a range
between 860–960 nm (DLOBML-BI-IR iREDZILLA, Dedolight Forensic Series, Dedo Weigert Film
GmbH) and a longpass filter with 50% transmission at 850 nm were attached to each camera.
Undressed bodies were additionally captured under UV illumination in the range between 365–400 nm.
UV illumination for undressed bodies was chosen in consultation with a forensic multispectral imaging
specialist. For the photogrammetry sets based on UV illumination, a tunable UV light source (DLOBMLBI-UV Fluoreszilla, Dedolight Forensic Series, Dedo Weigert Film GmbH, Munich, Germany) and a
yellow filter with 50% transmission at 460 nm were attached to each camera (Tables 1 & 2). Dressed
bodies, in addition to the photogrammetry sets under visible light and NIR illumination at 860 nm, were
captured under blue-light illumination at 450 nm. Previous tests showed that blue-light illumination at
450 nm and NIR illumination at 860 nm resulted in high-contrast visualizations of the selected stains.
Depending on the stain (i.e., type of exemplary evidence), 3D multispectral datasets of dressed bodies
were acquired under either visible light and blue-light illumination (urine and semen stains on white tshirts) or visible light and NIR illumination (blood stains and spray paint on black t-shirts). Details
regarding the illumination setups are listed in Table 3. For the photogrammetry sets based on UV, blue
light and NIR illumination, any additional light source was turned off during the image-capturing
procedure.
The camera settings for the aperture (f/16) and the signal gain (ISO 100) were maintained constant
throughout the study. Exposure times, white balance and camera focus had to be adjusted manually
for each photogrammetry set. Subsequent to the 3D multispectral whole-body photogrammetry of the
undressed bodies, a whole-body CT scan was conducted to capture the internal information of the
human body. In the case of dressed bodies, a mannequin was used instead of a human body. CT scans
for dressed mannequins were omitted.

2.3. 3D reconstruction and 3D model optimization
After image acquisition, photogrammetric software for the multiview 3D reconstruction of the captured
photogrammetric datasets was used (Agisoft Metashape Professional, Version 1.6.1 build 10009,
Agisoft LLC, St. Petersburg). Each photogrammetry set was computed separately. The 3D
reconstructions were computed based on default settings for high-resolution models. Textures were
calculated based on a size of 12288 pixels. If the initial alignment of the photos failed or was incomplete,
manual adjustments were made. Subsequent to the 3D reconstructions, all models were edited in 3D
inspection software (GOM inspection suite, Version 2020, Hotfix 1, Rev. 131819, Build 2020–10–12,
GOM GmbH, Braunschweig, Germany). The editing process involved cleaning the boundaries of the
3D mesh and erasing parts of the 3D model that held no useful information (e.g., the surface of the CT
couch). This procedure helped reduce the overall size of the 3D datasets. Finally, with the help of Agisoft
Metashape Professional, textures for the edited 3D models were calculated, and with the help of several
point-to-point distances, all models were scaled to their true size.
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Table 3. Illumination setups used for the photogrammetric datasets of dressed (DB) and undressed bodies (UB).

Datasets

UV

Blue light

365 nm

400 nm

450 nm

UB: all

x

x

-

DB: urine (white t-shirt)

-

-

DB: semen (white t-shirt)

-

-

Visible light

NIR
860 nm

960 nm

x

x

x

x

x

-

-

x

x

-

-

DB: blood (black t-shirt)

-

-

-

x

x

-

DB: spray paint (black t-shirt)

-

-

-

x

x

-

2.4. Forensic cases and selection of evidence for dressed mannequins
Overall, four forensic cases (male: n = 1; female: n = 3) and four different sets of dressed mannequins
were used to investigate the applicability of 3D multispectral full-body imaging. The forensic cases were
selected randomly. The selection of exemplary evidence for the dressed mannequin (i.e., urine, semen,
blood and black spray paint) was chosen based on applications for 2D multispectral imaging commonly
found in the scientific literature. The urine and semen samples were applied to white cotton t-shirts
(Table 3). The blood sample and black spray paint were applied to black cotton t-shirts (Table 3).

3. Results
Multiview 3D reconstructions based on multispectral image data from four forensic cases and four
different sets of dressed mannequins were carried out successfully. For each case involving an
undressed body, five photogrammetric datasets were recorded. For each case involving a dressed
mannequin, two photogrammetric datasets were recorded. Altogether, 28 photogrammetric datasets
were included in this study. On average, whole-body photogrammetry for undressed bodies took
approximately 5 min under UV illumination and approximately 3 min under visible light or NIR
illumination. Whole-body photogrammetry for dressed bodies took approximately 12 min under bluelight illumination and approximately 4 min under visible light or NIR illumination.

3.1. Undressed bodies
The overall quality and level of detail of the polygon models from the undressed bodies varied with
regard to the spectral range of the image data. An example of the entire multispectral dataset for one
of the forensic cases is given in Fig. 2. Images of the textured models (Fig. 2, a I-V) and their
corresponding 3D polygonal mesh representation (Fig. 2, b I-V) are given. 3D polygonal meshes from
the 3D reconstructions under visible light and UV illumination showed a comparable level of detail (Fig.
2, b I-III). 3D polygonal meshes from the 3D reconstructions under NIR illumination exhibited a higher
level of noise (Fig. 2, b IV-V).
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Fig. 2. Comparison of the textured 3D models (a I-V) and the corresponding 3D polygonal mesh representations
(b I-V) from the entire multispectral dataset for one of the forensic cases. Images a I and b I refer to the
photogrammetric dataset under UV illumination at 365 nm. Images a II and b II refer to the photogrammetric
dataset under UV illumination at 400 nm. The photogrammetric dataset under visible light is represented by
images a III and b III. The remaining image sets of a IV/b IV and a V/b V refer to the photogrammetric datasets
under NIR illumination at 860 nm and 960 nm, respectively.

Photogrammetric datasets under UV illumination compared to datasets under visible light showed an
enhanced visibility of foreign substances on the skin. Substances that were found in the frame of this
study appeared to be antiseptic cleansing agents, adhesives and bodily fluids. An example is given in
Fig. 3. A trace of dried bodily fluid was visible on the photogrammetric dataset under UV illumination at
400 nm in combination with a yellow lens filter. In the corresponding photogrammetric datasets under
visible light, the trace was initially not evident. A detailed view of the dataset, however, displayed a slight
difference in surface texture that indicated the trace. Photogrammetric datasets under NIR illumination
showed an enhanced visibility of vein patterns in the extremities. Datasets under visible light exhibited
low contrast and weak visibility regarding vein patterns (Fig. 2, a III-V). Additionally, light-colored
hematomas were detectable on the skin under visible light but were absent in the datasets under NIR
illumination. Darker hematomas with a bluish appearance were evident under visible light and appeared
with discernible contrast under NIR illumination.
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Fig. 3. 3D whole-body documentation under visible light and UV illumination. Images a, b and c refer to the 3D
data acquired under visible light. Images d, e, and f refer to the 3D data acquired under UV illumination at 400
nm. Images a and d illustrate the 3D mesh of the reconstructed 3D data. Images b and e show the textured 3D
model, whereas images c and f illustrate an enlarged view of the inner thigh. The arrows in image f indicate a
trace of fluorescent, dried bodily fluid.

3.2. Dressed bodies
The overall quality and level of detail of the polygon models from the dressed bodies varied with regard
to the spectral range of the image data. Dressed bodies captured under visible light exhibited a higher
level of noise and reduced quality within areas of black-colored clothing (i.e., black t-shirt). Dressed
bodies captured under blue-light illumination showed a higher level of noise and a reduced level of
detail within areas of dark-blue-colored clothing (i.e., blue jeans). The overall quality and level of detail
from the polygon models under NIR illumination was good and largely consistent. An example of the
3D reconstructions from a dressed mannequin wearing a black cotton t-shirt is given in Fig. 4. The
polygonal mesh representations in combination with the textured 3D models and close-up views of the
area covered by black spray paint are displayed for the photogrammetry sets under visible light (Fig. 4,
a-c) and under NIR illumination (Fig. 4, d-f).
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The dried semen and dried urine stains on the white cotton t-shirts had weak visibility under visible light.
With blue-light illumination, at 450 nm in combination with an orange lens filter, the stains stood out
distinctively against the surrounding cotton fabric and appeared in a clearly visible fluorescent green
color. Similarly, the dried blood stains and the dried black spray paint on the black cotton t-shirts were
hardly visible under visible light (Fig. 4, b,c). With the use of NIR illumination at 860 nm in combination
with an IR-longpass filter, however, the black t-shirt appeared as light gray, whereas the blood stain
and the area covered by the black spray paint appeared as a darker gray with discernible contrast to
the surrounding fabric (Fig. 4, e,f).

Fig. 4. 3D full-body imaging of a mannequin wearing a black t-shirt with black spray paint. Images a, b and c refer
to the 3D data acquired under visible light. Images d, e, and f refer to the 3D data acquired under NIR illumination
at 860 nm. Images a and d illustrate the 3D mesh of the reconstructed 3D data. Images b and e show the
textured 3D model, whereas images c and f illustrate an enlarged view of the area covered by the spray paint.
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4. Discussion
In this study, a method for 3D multispectral whole-body imaging in conjunction with a medical CT
scanner was developed and assessed. The imaging setup was based on a multicamera rig equipped
with four modified DSLR cameras. 3D multispectral whole-body imaging was performed successfully
on dressed and undressed bodies. The data quality of 3D reconstructions based on four forensic cases
and four different sets of dressed mannequins was analyzed.
The results showed that the quality and the level of detail in the polygon models of the 3D
reconstructions varied depending on the spectral range of the image data. 3D reconstructions for
undressed bodies, for example, showed a comparable level of detail for the photogrammetry sets under
visible light and UV illumination. In contrast, polygonal models based on the 3D reconstructions from
the photogrammetry sets under NIR illumination were considerably lower in both quality and level of
detail. The polygon models from the NIR datasets showed noisy 3D mesh representations featuring
rough surfaces. 3D reconstructions for dressed bodies also showed that the quality and level of detail
depended not only on the spectral range of the image data but also on textile color. Dressed bodies
with dark-colored clothing (i.e., black t-shirt and blue jeans) seemed to perform well under NIR
illumination. The level of detail for the reconstructed polygon models seemed good, and the quality
appeared largely consistent across the entire 3D model. 3D reconstructions based on the
photogrammetry sets under visible light and blue-light illumination, however, exhibited lower quality and
a lower level of detail in areas of dark-colored clothing. Polygon models based on 3D reconstruction
under visible light showed a reduced quality and a noisy 3D mesh representation on the parts of the 3D
model that were covered by the black t-shirt. Polygon models based on 3D reconstructions under blue
light showed a reduced level of detail and a noisy mesh representation on the parts of the 3D model
that were covered by the dark-blue-colored jeans.
These observations have in common that the lower-quality polygon models exhibited largely
homogenous texture information in the original images. Images of undressed bodies under NIR
illumination displayed a mainly uniform, light-gray texture. Images of black t-shirts under visible light
appeared with a black homogenous texture, similar to the images of the dark-blue-colored jeans under
blue-light illumination. Such homogenous textures and images are impractical for photogrammetric
reconstructions that require nonuniform surfaces with sufficient textural information. Hence, the 3D
reconstructions based on those images exhibited noisy and rough surfaces that contributed to a
generally lower level of detail.
In addition to the analyses of the 3D reconstructions, features visualized or enhanced by multispectral
3D imaging in comparison to standard 3D imaging under visible light were analyzed. The results showed
that 3D models of undressed bodies based on photogrammetry sets under UV illumination in
combination with a yellow lens filter exhibited an enhanced visibility of foreign substances on the skin.
In addition, injuries and bruises, which presumably were located deeper in the tissue, showed
noticeable contrast in the textured 3D models based on photogrammetry sets under NIR illumination.
In contrast, signs of subtle bruising on the skin could not be detected in the datasets under NIR
illumination [45]. Furthermore, the results showed that 3D multispectral imaging could be used to
enhance the visibility of certain substances on textiles. 3D models of dressed bodies based on
photogrammetry sets under blue-light illumination in combination with an orange lens filter displayed an
enhanced visibility of dried bodily fluids (i.e., semen and urine) on white t-shirts. In addition, dried blood
stains and black spray paint on black t-shirts showed an enhanced contrast in the textured 3D models
based on photogrammetry sets under NIR illumination. Overall, these findings seem consistent with the
scientific literature.
This study demonstrated the possibility of using multispectral photogrammetry for postmortem wholebody documentation in conjunction with a medical CT scanner. This approach allows the 3D data to be
aligned and merged with the corresponding CT data [7], [8], [14]–[16]. In the future, 3D multispectral
imaging setups could be integrated into CT scanners to combine optical and radiological imaging to
facilitate and accelerate the imaging workflow. However, the multicamera setup presented in this study
is based on a movable rig and allows the manual capture of photogrammetric datasets. This setup can
therefore be used in combination with any kind of examination couch or autopsy table to document
postmortem and antemortem cases. Finally, 3D multispectral whole-body imaging setups could also be
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useful for application at the scene. In combination with mobile CT solutions based on customized
trailers, mobile whole-body multispectral imaging facilities could contribute to legal investigations of
violent crimes or during disaster victim identifications.

5. Conclusion
In this study, we showed that 3D multispectral imaging based on multicamera setups and close-range
photogrammetry can be performed on dressed and undressed bodies for the detection, visualization,
and documentation of forensic evidence. Furthermore, we introduced a simple and inexpensive
multispectral imaging setup that can be used semiautomatically in conjunction with a medical CT
scanner to perform 3D whole-body documentation of external and internal findings in human bodies.
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