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Abstract

This comprehensive review participates in the use of three different non-invasive
surface scanning techniques directed in scientific research of medical, anth-
ropology, archaeology forensic science, and product designing. 3D surface
examining tools speak to a promising technique to provide reproducible data
such as map the facial soft or hard tissues of a subject document skeletal re-
mains, and trauma, generating 3D imitations of the components for docu-
mented and illustrative purposes while simultaneously holding exactness and
unwavering quality. Three-dimensional imaging is rapidly turning into a vital
tool for reconstruction and examination in scientific research. The final 3D
mesh can be 3D printed or the digital version can be shared online with scien-
tific researchers. This review manuscript highlights several studies utilizing
non-invasive scanning techniques, depicts the pro and cons of the 3D scan-
ning techniques, and different features of the scanners irrespective of the cost
which would be helpful for future research work. A resourceful review was
conducted using 7 databases; PubMed, CENTRAL, Science Direct, Scopus,
Google Scholar, Research Gate, and IEEE Xplore from 2002 to 2020. Search

>

terms were; “3D Laser scanning”, “Photogrammetry’

» o« » o«

tion”, “Documentation”,

, “Skeleton preserva-
Surface Scanning”, etc. Papers with quality work
and related to the field of forensic science, anthropometry, 3D facial scan-
ning, and product development were selected. From all the studies, 71 studies
met the eligibility criteria, and other articles were excluded which were
non-relevant, had duplicate records, and did not meet search criteria. This
review provides in-depth understanding and discussions into methods, re-
strictions, and inferences from respective research publications.
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1. Introduction

Over the last three decades, there has been massive development in noninvasive
3D imaging techniques allowing the study of quantitative data without any ex-
tensive data reduction [1] [2]. These 3D scanning techniques structure a practic-
al three-dimensional virtual imitation by making a point cloud of its geometry
with specific software [3]. Noninvasive 3D scanners have gained popularity be-
cause of their compact designs, low cost, and updated user-friendly software.
Digital 3D models have evolved as a helpful tool in research and product devel-
opment. Three-dimensional (3D) surface scanners are being used continuously
more by medical scientists and physical anthropologists to recreate, examine ar-
ticles and human remains, including craniofacial features [4] [5] [6]. Moreover,
studies based on anthropometry are useful and precise for product designing.
Merchandise planning experts have recognized the requirement for progressive-
ly satisfactory estimations of human anthropometry using 3D investigative me-
thods. Researchers have applied 3D anthropometry in structuring head and fa-
cial gear such as helmets, protective caps, goggles, and respirator covers as these
objects cannot stretch like garments and other similar products [7] [8] [9]. 3D
scanning is expanding materialness in quantitative assessment, for example in
assessing plastic medical procedure results. 3D surface scans have been a part of
numerous studies like facial reconstruction and identification for creating virtual
databases, such as CAESAR, PRIMO, and NESPOS [10] [11] [12] [13] [14]. No
3D surface scanning technique produces meshes that are impeccably appropriate
for all purposes. There are faults related to the creation of physical reproductions
and morphometric investigation. The noticeable differences in the mesh quality
of the model are influenced by the setting utilized, geometrical multifaceted na-
ture of the object, shape, and surface features such as reflectivity and transpa-
rency [15]. The comparison of different scanners and their radiant energy shows
their relative advantages and disadvantages. Few of the noninvasive surface
scanners have been shown in Table 1.

2. Types of Non-Invasive Surface Scanning
2.1. Laser Scanning

There has been a substantial amount of research on laser scanning. Laser-based
3D scanners utilize a procedure called trigonometric triangulation to precisely
catch a 3D shape as millions of points. Laser scanners operate by quickly trans-
mitting a consistent laser beam when the beam hits the physical object a portion
of its energy bounces back to the scanner where if the returned vitality signal is
sufficient a sensor recognizes and timer utilizes it to ascertain the distance from
the scanner to the object. The subsequent output is a set of 3D coordinate esti-
mations. The utilization of laser light on human subjects is managed by the In-
ternational Electrotechnical Commission standard under which only class 1 and
2 laser light sources are viewed as eye-safe beyond which higher class poses
threat to both skin and eyes. Class 1 discharges light emission of fewer than 0.39
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Table 1. Common non-invasive surface scanners along with their specifications (STL-stereolithography, PLY-Stanford Polygon,
OBJ-Wavefront Object, VRML-Virtual Reality Modeling Language, TSB-TriSpectives, 3D, U3D-Universal 3D, IEC-International
Electrotechnical Commission, FDA-Food and Drug Administration, EOS-Electro-Optical System).

Next Engine EINSCAN Smart SCAN
Model (Type Minolta Vivid
9 Scar(me) Scan Studio N v 3dMD (face) Di3D PRO (Hand  3DBreuckmann
HD Pro Held) scanner
Structured light
. . Laser Class 2 ructured fight + Stereo o
Type of radiant Multi Laser + Stereo White light LED .
ener: structured light (IEC60825 hotogrammet photogrammetry structured light Structured light
gy e '8 Class 1 (FDA) p R & .ry (Passive) ucta 8
(Active + passive)
Scanner with 5 Laser Emitting . . RGB Projector
. 2 integrated units of 6
MP camera, Window, . 4 cannon EOS 550D center, 2 1.4 mp color camera,
. . . medical-grade,
Hardware AutoDrive, Light-Receiving . . 18 MP, two head monochrome  measurement arm
. machine vision i ) .
MultiDrive, Lens, studio flash kit cameras on the (optional)
cameras.
PartGripper.  Viewfinder side
. Konica Minolta’s 3dMDvultus software
ScanStudio HD .
Software polygon editing system (3dMD Inc.,  DI3D system EXSCAN PRO OPTOCAT
Pro software i
software suite Atlanta, GA, USA)
Macro = 0.005" .
Accuracy X N +1.40 mm 0.2 mm 0.2 mm 0.1 mm +10 bis 50 pm
Wide: 0.015
. 0.6-25m
) i Macro: 3 X 5 190 degree face and 180 degree i
Field of view . . (2 mfor WIDE 210 x 150 mm 90 - 600 mm diag
Wide: 10 x 13 neck capture face capture
lens)
Rotating Rotating
Accessories Rotating plate  plate/benchtop Nil Nil Nil plate/measurement
frameset arm (robot)
0.3 sec (FAST
2 mi d Length of
Scan time min per scan  mode)/ 1.5 millisecond ength ot a 20 frames/sec 1 sec
of each facet 2.5 sec (FINE flash ~1 ms
mode)
TSB,
OBJ,
A STL, PLY, OBJ, STL, OBJ, OB]J, STL,
Data interface STL, STL, PLY, VRML
VRLM WRL (VRML type2) STL, PLY PLY
WRL
3D
. Yes Yes Yes Yes Yes Yes
post-processing
Cost of scanner
) 3,000 44,000 89,000 28,000 5,000 55,000
milliwatts and class 2 produces a light emission of fewer than 1 milliwatts [16].
The higher class can be utilized by researchers where there is no delicate tissue
covering the specimen like in the case of dry bones [3]. Both laser and white
light scanners are routinely and without limitation used on skeletal material and
even ligament [17] [18]. Several studies had been done in the past few years over
the use of laser scanners in the field of medical science. Some of the work had
shown the numerous points of interest of laser scanners over different types of
3D imaging innovations as far as cost, speed, and compactness. Aside from the
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setting utilized, the nature of the subsequent model in laser scanning is influ-
enced by the positioning of the object and the surrounding conditions [19]. For
the most part, to get optimal 3D scanning results from laser scanners it is sug-
gested to pre-calibrate the scanner and know its environmental conditions [20].
To include information about the original texture of the 3D model, most of the
manufacturers have started to equip the scanners with an optical camera system
[21].

From the digitization of small objects such as teeth to a human cranium, laser
scanners such as Next Engine and Minolta Vivid 910 scanner have already been
used by several anthropologists [22]. Most of these laser scanners use a moto-
rized turntable that rotates the object in supplement divisions to complete a 360°
rotation. The only limiting factor such scanners have is a small scan volume
which can be overcome by doing multiple scans of large objects with the use of
specific software. Several researchers created great outcomes from the informa-
tion gathered with the laser scanners in comparison to structured light scanners
in which they pointed out noticeable differences in the mesh quality and mesh
degradations of the scanned models [1] [23]. Inter-observer error studies re-
ported were found to fluctuate from device to device [24] [25] [26]. A couple of
studies have contrasted laser scanner as one of the most widely used techniques
for 3D digitization in several fields including forensic anthropology because of
its low cost, easy to understand interface, overall precision and compared the
results with structured light-based scanners and found that for most purposes
laser scanners are much reliable [27] [28] [29] [30] [31] [32]. It is quite impor-
tant to consider the practicality of the scanner and the purpose of the study to
obtain the correct mesh of the objects as few studies have indicated laser scan-
ning apart from class 1 and 2 should not be used for full-body or face scanning.
Though only a few researchers have tried integrating laser scanners with stereo-
photogrammetry to be viable for framework evaluation of anthropometric preci-
sion [33] [34]. Problems such as long-time, unsteadiness of the body models
during the scanning process have been reported in some studies to be a limiting
factor affecting the final mesh [35] [36].

2.2. Structured Light

Structured light scanners are relatively quicker than laser-based scanners yet
they do require longer sign handling. The structured light method consists of
one or two cameras at a known distance and a video projector utilized for
catching 3D data using triangulation standards. The structured light utilized for
3D filtering can be white or blue and is produced by various sorts of projectors.
Most usually, structured light scanners use fringe projection, Moire, and phase
shift. The fringe projection has a place with organized light dynamic triangula-
tion methods, stripes with sinusoidal amplitude variation are anticipated on a
3D object; the twisted example is caught and handled to assess the 3D shape. A

moiré pattern is a progression of non-irregular direct projections onto the out-
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side of the object. They typically have a relatively little field of view and work at
short proximity of 1 - 2 feet [37]. Most of the structured light scanners contain
only one scanner module, they are generally limited to scanning simple surfaces
as complex surfaces such as the face or full-body scan repeatedly contain holes
and artifacts and are less accurate and therefore necessitate multiple scans for
measurements [38] [39]. Structured light scanners are normally utilized on the
estimations of facial tissue, skeletal material and even on a ligament, however,
they are of restricted use for dim items or translucent/intelligent structures, for
example, tooth finish [23]. White light causes no known damage for delicate or
hard tissue; its utilization with human subjects is in this way unlimited. Then
again, it requires stricter control of natural light, since surface scanners will in
general catch the whole noticeable light range, including foundation subtleties
and other undesirable sources. Relatively few studies have explained the expe-
riences of using structured light scanners to check their performance in anthro-
pometric measurements. Measurement accuracy is affected by aspects such as
environment, hardware, software, operator, subject, and procedure [40] [41]
[42]. The structured light scanners have been employed for full-body acquisition
to study the anthropometric features of professional athletes for identifying
sport-specific characteristics, for assessment of waist and hip circumference in
women and in the fashion industry for the extraction of body measurements for
customized garment size [38] [43] [44] [45]. The structured light scanner has
also been tested for evaluation of measurement accuracy in objects like shoes
and specimens like a skull [23] [46]. Few of the structured light scanners have
seemed to have limited issues in full-body scanning because of the absence of
information where parts of the body fell out of scanner sight, the hair on the
body surface thus creating gaps and a slight change in the pose which hinders
the result of achieving meaningful measurements [47] [48]. Studies conducted in
the past few years have shown that structured light scanners have a high level of
accuracy and precision [49] [50] [51] [52]. The most regularly referenced disad-
vantage of such equipment and technology was the significant cost [53] [54] [55]
[56]. Some researchers in their respective studies utilized the structured light
scanners to study the facial differences between the two population groups by
creating a merged facial average of one man and one woman, for each group of
population. The most common differences were noticed in the chin, nose, lips,
and lower facial regions. Studies conducted also found that labeled 3D gave the
most exact values, unlabeled 3D delivered less exact estimations, and it was discov-
ered that caliper was least equipped for creating exact values. Mean estimations got
from three-dimensional (3D) pictures and direct anthropologic estimations were for
the most part comparative [51] [57] [58] [59].

2.3. Photogrammetry

Photogrammetry is a technique that depends on photos to remake three-dimen-
sional shapes using the triangulation technique to estimate the coordinates of
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landmarks on the object to be scanned that is why it is included within the
non-invasive technique. This system hence requires the identification of land-
marks that are perceptible in each view. Photogrammetry a safe technique, not at
all like laser scanning in which just class 1 and 2 type lasers are safe to use on
human subjects. Analysts adjusted and institutionalized this system with the goal
that specific anthropometric measurements could be estimated to a high level of
precision like direct methods [60] [61]. The coordinates are evaluated as the
points where the rays from camera position to landmark cross. The estimates are
influenced by parameters characteristic for the camera, particularly its focal point
amendment just as extraneous parameters like the position and direction of the
camera. After capturing a known article on various occasions from different
perspectives, the inherent camera parameters can be resolved. When both intrin-
sic and extrinsic camera parameters are evaluated, a 3D surface comprising of
polygons associating the landmarks is recreated (Figure 1). A large number of
different favorable circumstances that 3D photogrammetry brings to the table are
identified with the reality that it is a type of indirect anthropometry where no
physical contact is required with the subject. The recent advancement in 3D pho-
togrammetric devices has led to instantaneous image capture thus minimizing
error from motion artifact. The result would be identical to a 3D surface output
(Figure 2). Additional means, including further object altering and streamlining,
are required to set up an output record for web viewing and three-dimensional
(3-D) printing (Figure 3). However, the accuracy of the 3D photogrammetry us-

ing a single camera has not yet been assessed for utilization in anthropometry.

Figure 1. Initial generation of a point cloud with the location of each cam-

era shot taken for the construction of the 3D mesh of cranium.
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Figure 2. Screenshots of a 3D model of cranium formed using digital photos and stereo-
photogrammetry software. An aggregate of 300 photographs was chosen and later pre-
pared into a photogrammetric model. The duration for the complete textured model was
3 hr.

Feature
Extraction

Image

) Mesh
Matching

Filtering

Feature
Matching

Texturing

Figure 3. Three-dimensional model generation pipeline.

Resulting SfM (Structure from Motion) models were processed in Autodesk
Remake 2020. These steps are automatically finished by the software and permit
the scientists to pinpoint zones of poor photograph quality and angles that ought
to be tended to as quickly as time permits.

The techniques have been successfully used in forensic analysis and compari-
son of patterned skin injuries caused by objects such as a wrench, a hammer, a
tire, a shoe sole, and bite marks [62]. Few studies have been conducted using
stereophotogrammetry for recording facial morphology. Recently the technique
has been used to create 3D mug shot models with the end goal of visual scientific
identification on pictures [63]. Right now, the prevailing method to find anth-
ropometric landmarks depends on setting markers on the human body before
scanning [64] [65] [66] [67]. Few authors infer that estimations obtained utiliz-
ing 3D photogrammetric pictures are a substantial and reproducible strategy for
recording facial morphology. A very few studies had been executed on manne-
quins, facial plaster casts, and cadavers comparing several techniques, for exam-

ple, laser scanning to assess the accuracy and reliability of standard anthropo-
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metric linear measurements to contrast their results to one another, cost of the
hardware, and exactness, for applications on the human body such as post-usable
assessment of medical procedures or to make custom medical devices [68] [69]
[70] [71].

3. Conclusion

3D surface scanning devices were found to be promising devices in the digital
reconstruction of facial models, artifacts, and product designing. These imaging
tools have the benefits of being brisk, simple to utilize, non-obtrusive, and effec-
tively versatile, not at all like other 3D hard tissue imaging frameworks which
have radiation issues involved. These progressive imaging technologies offer
ways to document the subject or specimen in question in exceptional detail. To
achieve good results for the final mesh a lot of factors should be considered be-
fore choosing the scanning device for a particular project as sometimes even the
high-end scanners are unable to give the desired results. The maximum capacity
of these surface digitization techniques still can’t seem to be accomplished. If it is
demonstrated that 3D digitization techniques are a lot practical to use in the re-
search community the hardware and software required should be open to all re-
searchers. From the review, it can be concluded that surface digitization tech-
niques have proved to be beneficial in scientific research and product develop-
ment. Future studies are still encouraged to provide baseline findings and im-

prove performance.
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