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Abstract

Additive manufacturing has the potential to become a
standard method for manufacturing products, and prod-
uct information is indispensable for the item distribution
system. While most products are given barcodes to the
exterior surfaces, research on embedding barcodes inside
products is underway. This is because additive manufac-
turing makes it possible to carry out manufacturing and
information adding at the same time, and embedding in-
formation inside does not impair the exterior appearance
of the product. However, products that have not been
embedded information can not be identified, and embed-
ded information can not be rewritten later. In this study,
we have developed a product identification system that
does not require embedding barcodes inside. This system
uses a transmission image of the product which contains
information of each product such as different inner sup-
port structures and manufacturing errors. We have shown
through experiments that if datasets of transmission im-
ages are available, objects can be identified with an accu-
racy of over 90%. This result suggests that our approach
can be useful for identifying objects without embedded
information.

1 Introduction

The additive manufacturing (AM) process has greatly im-
proved the ease of model customization. When managing
products with a digital system, the addition of information
is essential, such as a barcode. While management infor-
mation has only to be attached to the exterior, additive
manufacturing process makes it possible to embed infor-
mation inside the product. Detection is then possible by
various methods, for example, embedded information can
be read using terahertz (Thz) sensing in InfraStructs(I],
and using visible light projection in AirCode[2].

Two problems exist with the embedded information ap-
proach. The first is that an information adding step must
be introduced into the manufacturing process. This also
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constitutes an advantage as the integration of manufac-
turing and adding information enables overall reduction
of processing time and cost, nevertheless it is not possi-
ble to identify objects that were manufactured without
embedded information. The second problem arises when
the embedded information is duplicated such that product
batches cannot be uniquely identified. This can occur in
the current item distribution system. In previous research,
defects in the barcode surface produced by the manufac-
turing process have been used for unique identification of
products[3].

In this study, a system of product identification was
developed that does not use embedded information. All
products have inherent structure combined with charac-
teristics created by the manufacturing process, particu-
larly manufacturing errors. Transmission images of prod-
uct items are utilized to extract inherent product char-
acteristics. This idea was inspired by research that uses
the finger vein pattern to authenticate individuals. Finger
vein pattern authentication is biometric, hence informa-
tion is not added in advance of the authentication process;
and, in order to visualize the internal blood vessels, an
image of the finger transmitted by infrared light is used.
Also in our system, information is not added, and we use
images transmitted by infrared light.

To verify the identification system, two experiments
were conducted: feature matching and deep learning; us-
ing two types of object group with identical exterior ap-
pearance. In one group, the internal structure of the ob-
ject was varied. In the other group, all structures, in-
cluding the internal structure, were unchanged; i.e., the
objects differed only as a result of manufacturing errors.

The results suggest that feature matching is possible
when there is a change in shape, and that deep learning
can be used to identify objects that vary due to natu-
rally occurring manufacturing errors. The purpose of this
investigation is to examine the possibility of utilizing an
identification system based on transmission images, to dis-
criminate products in the absence of embedded informa-
tion.
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Figure 1: System Overview. The system is a three step process: fabrication, capturing, and identification. Products are
fabricated without embedding information internally. Image capture requires transmitted light in the near infrared region.
Identification is performed using feature matching or deep learning with datasets.

Table 1: Comparison with existing methods.

Information Place | Pre Embedding | Detection Angle | Learning Dataset | Wavelength | Reflection or Transmission
InfraStructs([I] Inside Yes One way No THz Reflection
AirCode[2] Inside Yes One way No VIS Reflection
LayerCode[4] Exterior Yes All angle No VIS or NIR Reflection
Our System Everywhere No All angle Yes NIR Transmission

2 Related Works

2.1 Properties of Additive Manufacturing

Additive Manufacturing encompasses a variety of
methods[5]. Fused Deposition Modeling (FDM), in par-
ticular, has made a great contribution to the uptake of
the desktop 3D printer. The widespread adoption of
FDM has been accompanied by examination of the char-
acteristics of FDM manufactured products. Many pre-
vious studies have considered how the characteristics of
objects are affected by the manufacturing method it-
self; e.g., product characteristics[6] [7, [8, @], mechanical
properties[I0} [TT], and material properties[12, 13} 14} [15].
Several investigations have also been conducted to de-
termine how objects change with different parameters;
i.e., the relationship between each parameter and me-
chanical properties[16], [17, 18 [19], and the correspon-
dence between the internal structure and mechanical
properties[20, 2] 22| 23] 24]. By referring to this body
of literature concerning the FDM method, the fabrication
characteristics of FDM could be established without the
necessity to carry out exploratory research on the process.

2.2 Biometrics using Transmitted Images

It has become very common to perform personal authen-
tication using biometric characteristics such as fingerprint
authentication and face recognition. Most biometric au-
thentication methods use an image produced by reflection
of light from a target. However, some biometrics acquire
an image after light has passed through the target. Fin-

ger vein pattern recognition is a typical example. In 2004,
Miura et al.[25] published a paper on personal authenti-
cation using a transmission image of a finger vein pattern
obtained by illumination with infrared LEDs. The main
challenge for this method lies in ensuring that the sys-
tem is robust. It must be able to authenticate properly
even if finger placement changes slightly, and it must not
authenticate as another person. These problems led to
research on how to automatically determine the region of
interest[26, 27, 28] and improve imaging quality[29] [30].
Therefore, research literature concerning transparent bio-
metric authentication was referred to in order to assist
with the construction of an identification system using
transmission images of AM products.

2.3 Embedding Information with Addi-
tive Manufacturing

Additive Manufacturing is a promising rapid prototyping
method since it enables easy customization of shapes, thus
prompting research on embedding barcodes during man-
ufacturing. InfraStructs[l] is a famous early study that
embodies this concept. During the manufacturing pro-
cess, a structure was built inside the object that was de-
tected and decoded as information, using Thz sensing.
This information could not be captured with a visible
light camera. Several subsequent studies successfully em-
bedded and read information in the object interior us-
ing alternative methods: i.e., internal information read
in the far infrared region[31I], information embedded us-
ing highly reflective material[32], and information embed-
ded in the form of air pockets and read using visible light



Table 2: Fabrication characteristics.

Main Topic Sub Topic Sub-Sub Topic
Printing Width
Layer Thickness
Shape In Il Pattern
Parameters Inner Support Structure In Il Density
In Il Position
Material
Material Properties Color
Printing Speed
Condition Temperature of Heat-Bed
Parameters Temperature of Printing
Head
Retraction Speed
Environment

projection[2]. Recently, Maia et al.[4] embedded informa-
tion in the entire surface of an object in order to simplify
reading of the information.

Thus, existing research is based on building a system
that embeds information in an invisible form during man-
ufacturing and reads it out. In contrast, a method based
on transmitted images does not require design of embed-
ding information and the reading angle is free. Table 1
summarizes these di erences. The utility of the trans-
mission imaging system for identifying a product without
preprocessing has been veri ed.

3 Materials and Methods

3.1 System Overview

This section details the system overview. The system con-
sists of three processes: fabrication, capturing images, and
identi cation (Fig.1). During fabrication, information is
not intentionally embedded in products. Instead, inher-
ent product characteristics are used for identi cation; i.e.,
visibly indistinguishable products may di er in their in-
ternal structure, and manufactured items hold intrinsic
information such as dimensional values, which di er due
to manufacturing errors. In the capturing process, trans-
mission images are acquired. By using near infrared light,
internal shape is captured in the transmitted image to
enable identi cation of products on the basis of changes
to internal structure. Inclusion of internal information
also improves the accuracy of identifying changes resulting
from manufacturing errors. Two methods were considered
for the identi cation process: feature matching and deep
learning. Feature matching does not require pre-learning
for identi cation, allowing a simple system to be utilized.
This contrasts with deep learning, which does require pre-
learning, however discrimination accuracy is higher.

Figure 2. Shape parameter variations used in the identi -
cation tests. (a) to (c) Dierent in Il patterns. (d) to (f)

Di erent in Il densities. (g) and (h) Show the two in in I
positions. (g) Initial in Il position. (h) Alternative in i
position.

3.2 Fabrication Characteristics

Table 2 lists the characteristics that can appear in the
transmission image of the product. All characteristics are
referred to in the existing white paper[6] and the software
that runs the 3D printer. The characteristics were divided
into two types, those related to shape and those related to
condition. Of the shape-related properties, we paid partic-
ular attention to the inner support structure (see section
3.2.1). Many previous studies intentionally modi ed the
interior space of a product without a ecting the exterior
appearance. In contrast, this study did not include inten-
tional redesign of the interior space, but instead focused
on random internal changes that occur naturally in manu-
facturing. Condition-related parameters were xed in this
study as it was di cult to distinguish between the e ects
of changing these parameters and di erences arising from
manufacturing errors. The assumption was made that if a
manufacturing error could be identi ed, a change in con-
dition parameters could also be distinguished. Therefore,
only manufacturing errors were considered.

Inner Support Structure: This parameter consists
of three sub-parameters: in Il pattern, in Il density, and
in Il position (Fig.2), which are all visible on the transmis-
sion image. In Il pattern is an important parameter that
is related to the shape of the internal structure and a ects
the mechanical properties of the product. Modifying the
in Il pattern changes the durability of the product under
stress; i.e., the resistance to stress and the strength of the



Figure 3: Optical System. (a) A picture of the imaging
system used in this study. (b) A plan view of (a), showing
the path of light. (c) Alternative imaging system.

product are modi ed. Inll density refers to the density
of a given in Il pattern. Optimization of in Il density is
always desirable in terms of manufacturing cost and cycle
time, as the amount of material increases with density.
In Il position refers to the placement of the inner support
structure for the given in ll pattern. As placement is of-
ten done automatically by the slicer software, in general
the system user is less aware of in Il position.

3.3 Transparent Imaging System

The transmissive imaging system operates by capturing
the characteristics and internal structure of products,
both primitive and complex, in images using light wave-
lengths that are transmitted through the target object.

3.3.1 Optical Setup

An optical system using near infrared (NIR) light was
constructed to obtain an optimal transmission image of
the object. The target object, NIR camera, NIR light
source, and an optical element were arranged as shown in
Fig.3 (b). In order to eliminate the in uence of speckle,
the halogen lamp was used as the near infrared light
source, which was equipped with an infrared transmission
Iter. A Dihedral Corner Re ector Array (DCRA)[33]
was used to irradiate the back of the object. As shown
in Fig.3 (b), DCRA has the function of imaging the light
source at a plane-symmetrical position. Similar functions
can be realized with mirror and lens as shown in Fig.3 (c).
In this experiment, because it was di cult to incorporate
large mirror and lens, the amount of illuminating light was
maximized by using DCRA.

Figure 4: Variation of additive manufacturing in Il pat-
tern. (top) The transmission image when the in Il pattern
of the cube is changed. (bottom) The transmission image
when the in Il pattern of the bunny is changed.

Figure 5: Variation of additive manufacturing in Il den-
sity. (top) The transmission image when the in Il density
of the cube is changed. (bottom) The transmission image
when the in Il density of the bunny is changed.

3.3.2 Transmitted Images

In Section 3.2, it was explained that inner support struc-
tures di er in type, and that for a given support structure,
the in Il patterns, densities, and positions of structural el-
ements are variable. In this section, the appearance of the
transmission image is examined when the inner support
structure is either changed by design, or left unchanged
such that variation arises from manufacturing errors.

Inll Pattern: Cube and bunny shapes were manu-
factured using three types of in Il pattern: Diamond Fill,
Hexagonal, and Linear. Transmission image results are
shown in Fig.4. A dierent image was obtained for each
in Il pattern, for both cube and bunny.

In Il Density: Cube and bunny shapes were produced
with Diamond Fill pattern densities of 5, 10, and 15%
for the cube, and 10, 20, and 30% for the bunny. As
the density increased, the amount of transmitted light de-
creased, hence the contrast in the transmissive images also
decreased. These results are shown in Fig.5.

In Il Position: The same inner structure was created
at multiple positions, with a Diamond Fill inner pattern
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