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As a new type of rapid prototyping technology, 3D printing technology effectively solves the problems of large errors and waste of
resources in traditional manufacturing technology. Compared with other technologies, DLP technology has the following
advantages: high reliability, high brightness, rich and gorgeous colors, and is very suitable for portable devices. This article
aims to study the application of embedded microprocessor-based DLP3D printing in automated precision manufacturing. This
article puts forward the idea of applying DLP3D technology to more automated precision manufacturing. This article
introduces the embedded microprocessor, 3D printing technology, and related algorithms in detail. At the same time, this
article also conducts experiments on DLP3D printing technology. Through the analysis of samples printed by DLP3D
technology, the experimental results show that the material deviation value of DLP3D printing based on embedded
microprocessor is generally small, compared with other technology printing the deviation value of the material is also reduced
by 15.6%.

1. Introduction

At present, the output value of the casting industry in the
manufacturing industry is getting higher and higher in all
countries in the world. With the escalating competition in
the global smart manufacturing industry, the new pattern
will face a major adjustment and change [1]. To speed up
the development of the manufacturing industry, we must
start with new processes, new materials, and new
manufacturing equipment. The precision casting technology
has undergone great changes, especially in the aspect of
flexible manufacturing, and the efficiency has been greatly
improved and improved. In foreign countries, DLP3D print-
ing technology based on embedded microprocessor has
developed rapidly and has been recognized by the broad
market. There are many disadvantages in the direct
manufacturing of high-precision models. In the traditional

process of manufacturing components, the cooperation of
multiple devices or multiple processes is required. The pro-
cess is complex, the process is many, the production cycle
is long, the manufacturing cost is high, and it is suitable
for mass production or standardized production. Compared
with traditional technology, 3D printing technology can
manufacture parts of various shapes without using other
machines, molds, fixtures, and other tools. Therefore, 3D
printing technology is also suitable for the production of
small batches and individual customization.

Automated high-precision manufacturing, through 3D
printing, can quickly manufacture products with complex
shapes such as free-form surfaces. Because cutting is not
wasted during the processing, it can save the company’s
raw materials and reduce the waste of resources. 3D printing
technology is also possible. Further optimize the design,
quickly turn it into a real object, and conduct specific
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inspections on the correctness of the design, the rationality
of the model, the assembly, and the interference, so as to
reduce the risk of product development. At the same time,
3D printing technology can quickly manufacture complex
parts and components directly from computer-designed
drawing data to physical parts without using molds. 3D
printing technology has greatly shortened the manufactur-
ing process of complex parts and greatly shortened the prod-
uct development and manufacturing cycle. At the same time,
through 3D printing technology, the utilization rate of mate-
rials has been greatly improved. The material is fully utilized
in the printing and molding process [2, 3]. After printing,
the product can only be used after a simple tracking process,
so the material utilization rate reaches 60%, or even more
than 90. In other words, 3D printing technology has unpar-
alleled advantages in the field of automated high-precision
manufacturing, which can shorten product development
cycles, improve material utilization and product perfor-
mance, and show the prospects and applications of 3D print-
ing technology in the field of automated high-precision
manufacturing.

With the continuous advancement of science and
technology, people have made relevant researches on the rel-
evant content of 3D printing technology based on embedded
microprocessors. On embedded microprocessors, Filipe
studied the impact of register file errors on the reliability of
modern embedded microprocessors through fault injection
and heavy ion experiments in a study [4]. Clark L T adopts
many methods in the design to minimize the performance
degradation caused by reinforcement and limit the increase
of power. A method to resist radiation by designing embed-
ded microprocessor is proposed [5]. Hida I stated in the
research on power consumption of embedded microproces-
sors that his goal is to reduce the power consumption of
microprocessors embedded in such devices by using a novel
dynamically reconfigurable accelerator [6]. In view of the
limitations of traditional recognition, Chen D designed an
embedded application system based on iris recognition tech-
nology to realize the functions of iris information collection,
input, registration, and recognition. The system architecture
uses the embedded microprocessor of the advanced RISC
machine (ARM) as the core design [7]. In the related
research of 3D printing technology, Wang X outlined in a
research report the performance and performance of
polymer composite 3D printing technology and 3D printed
composite parts, and their applications in the fields of bio-
medicine, electronics, and aerospace engineering, and poten-
tial applications [8]. Regarding the research of 3D printing
technology in medicine, Jonathan G did research on the
application of 3D printing in the field of biological
manufacturing, which aimed to review the process of 3D
printing technology used in pharmaceuticals, including the
parameters to be controlled [9]. Regarding the research of
3D printing technology in building materials, Gosselin C
stated that he proposed a new large-scale 3D printing pro-
cess for cement materials. Structures with complex geome-
tries can be produced without temporary support [10, 11].
Although these researchers have done well in the application
research of embedded microprocessors and 3D printing

technology in the field of daily life, most of their research
did not consider that embedded microprocessors and 3D
printing related technologies may be encountered in actual
applications. No specific solutions have been proposed for
the problems reached.

The innovation of this paper lies in (1) the dlp3d printing
technology based on embeddedmicroprocessor is studied, and
its application in automatic precision manufacturing is ana-
lyzed. (2) Through the research of dlp3d printing based on
embedded microprocessor in the field of brake precision
manufacturing, we can provide some methods to realize more
automatic and higher precision manufacturing by using dlp3d
printing technology. (3) Through the research of dlp3d print-
ing technology in automatic precision manufacturing, some
possible problems can be found. (4) By improving the prob-
lems existing in the research, we can better promote the devel-
opment of dlp3d printing technology based on embedded
microprocessor in the field of automation and high-precision
manufacturing.

2. The Method of DLP3D Printing of Embedded
Microprocessor in Automated
Precision Manufacturing

2.1. Embedded Microprocessor

2.1.1. The Basic Concept of Embedded Microprocessor. The
embedded microprocessor is developed from the CPU of a
general-purpose computer. A 32-bit or higher processor is
its characteristic, with high performance, and the corre-
sponding price will rise. Compared with industrial control
computers, embedded microprocessors have the advantages
of small size, light weight, low cost, and high reliability
[12]. Embedded systems are based on application programs
and computer technology. It adapts to software and hard-
ware, adapts to function, reliability, cost and capacity. This
is a special purpose computer system that can be adapted
to applications related to power consumption strictly
required [13]. It can realize the control, monitoring, man-
agement, and other functions of other equipment. This is
user-oriented, product-oriented, and application-oriented,
combining advanced computer technology, semiconductor
technology, electronic technology, and specific applications
in different industries. Embedded systems have small ker-
nels, streamlined systems, and powerful specific functions,
and require special development tools and environments
for development. Its main feature is its purpose or relevance
[14]. In other words, the development and design of each
embedded system have special application possibilities and
specific functions. This is also the main difference between
embedded systems and general computer systems.

Embedded systems usually consist of four parts: embed-
ded processors, peripheral hardware devices, embedded
operating systems, and user application software. The core
part is the embedded processor. The embedded processor
architecture has shifted from CISC (complex instruction
set) to RISC (reduced instruction set) and compact RISC,
and the number of bits has gradually developed from 4, 8,
16, and 32 bits to 64 bits. Embedded processors generally
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used include low-end embedded microcontrollers, mid-end
to high-end embedded microcontrollers, embedded DSP
processors, and highly integrated embedded system chips
for classification [15]. There are more than 1,000 processors
and more than 30 series in the world. Different processors
have different functions and advantages, but for embedded
system applications, low cost, low power, and high perfor-
mance are special requirements. At present, the main types
of embedded processors are PowerPC, MC 6800, MIPS,
and ARM/Strong ARM series.

2.1.2. Embedded System. Embedded system is an application-
centric dedicated computer system based on the latest com-
puter technology. User requirements (function, reliability,
cost, volume, power consumption, environment, etc.) are
based on needs and can be flexibly adjusted through soft-
ware and hardware modules. In the embedded system devel-
opment process, the hardware platform of each processor is
universal, fixed, and mature, so the possibility of hardware
system errors during the development process is very low.
However, different hardware systems have different operat-
ing system requirements. If the memory requirements are
not high, you can choose an operating system with high
compatibility. When the requirements of the operating sys-
tem are high, a more rational kernel is needed [16, 17]. At
the same time, the embedded system protects a lot of com-
plex information of the basic hardware, and developers can
complete most of the work through the API functions pro-
vided by the operating system. As a result, the development
process is greatly simplified and the stability of the system is
improved [18]. Figure 1 shows the basic flow chart of
embedded system development.

2.2. 3D Printing Technology. 3D printing technology, also
known as additive manufacturing technology or rapid proto-
typing technology, is a manufacturing technology for rapidly
manufacturing solid devices based on digital signals, using

powder or liquid metal, plastic, and other viscous materials,
and stacking layer by layer by spraying, extrusion, melting,
sintering, light curing, and other methods. 3D printing
technology is also known as layered modeling technology.
3D printing is to generate three-dimensional objects by
stacking and stacking layers. At the same time, 3D printing
technology includes computer vision, computer graphics,
graphic recognition and intelligent systems, photoelectric
integration, automatic control of complex systems and
engineering materials, and data mining, and is a technology
that includes mechanical learning and application of digital
modeling technology [19, 20]. In recent years, 3D printing
technology has been widely used in aerospace, aviation,
automobile manufacturing, medicine and health, and other
fields.

3D printing technology is based on a three-dimensional
model, using adhesives to build objects through the printing
of various layers. The most intuitive embodiment of the 3D
printing principle is the function of its design, editing, and
control software. The three-dimensional digital model is
discretized on a series of two-dimensional cut thin surfaces,
and the filling path of the molding is as follows: reasonably
plan, process with a molding system, accumulate materials
in layers, and eventually attach to 3D objects [21]. The layer-
ing process is equivalent to advanced mathematical differen-
tial operations, and the cumulative manufacturing process of
each layer is equivalent to advanced mathematical integra-
tion operations [22]. Figure 2 illustrates the 3D printing
process.

The process flow is shown in Figure 2: establish the
three-dimensional digital model of the part in the computer
software system, turn the triangular mesh of the model into
STL standard file, then use the professional slicing software
to carry out layered processing on the STL model, load the
obtained scanning path file into the 3D printing equipment
to generate the model, and finally carry out post-processing
on the model.

User needs

Pass the program test

Yes

Whole system test End of development

Develop applications on the
operating system

Choosing the right embedded
operating system

Choose embedded micro
processor and hardware platform

No

Figure 1: Embedded system development process.
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2.2.1. Types of 3D Printing Technology. According to differ-
ent materials, 3D printing technology can be divided into
metal printing and non-metal printing; according to differ-
ent molding processes, 3D printing technology can be
divided into selective laser sintering (SLS), selective laser
melting (SLM) and electron beam melting (EBM), fused
deposition modeling (FDM), stereolithography (SLA), and
layered object manufacturing (LOM).

2.2.2. DLP3D Printing. DLP is digital light processing tech-
nology, that is, this technology needs to digitally process
the image signal first, and then project the light. DLP 3D
printing is a type of molding technology, surface exposure
molding technology. DLP 3D printing technology has many
similarities with stereolithography three-dimensional (SLA
3D) printing molding technology. DLP 3D printing technol-
ogy uses a high-resolution digital light processor (DLP) to
harden the liquid photopolymer. After the liquid polymer
is solidified in layers, it is repeated until the final model is
completed [23]. DLP 3D printing molding technology gen-
erally uses photosensitive resin as a 3D printing material.
DLP has unique advantages compared with other types of
3D printing technology. It is a technology to complete the
visual digital information display based on the digital micro-
mirror device DMD (digital micromirror device) developed
by Texas Instruments (TI). Specifically, DLP projection
technology uses the digital micromirror chip (DMD) as the
main key processing element to realize the digital optical
processing process. First of all, the optical machine fixation
reduces the number of moving parts, and the deviation
caused by vibration is small, and products with higher preci-
sion and better stability can be manufactured [24]. Second,
more detailed parts can be manufactured. Taking jewelry
as an example, mass-produced printing rings can reduce
manufacturing costs to a certain extent, and may lose wax

casting directly after printing. The manufacturing cycle of
the product is shorter than the manufacturing cycle of the
product. The conventional process time has more than dou-
bled. Affected by factors such as low price, low printing cost,
and easy operation, 3D printers based on DLP forming tech-
nology are increasingly accepted by consumers. At present,
DLP 3D printing technology has many fields such as medical
treatment, construction, transportation, aerospace, archaeol-
ogy, education, industrial manufacturing, gems, and toys
[25, 26]. But things always have two sides. While people
enjoy the convenience brought by 3D printing technology,
we must face up to the problems of 3D printing model accu-
racy and reliability technology with a cautious attitude, and
strive to explore how to make the technology have better ser-
vices. Figure 3 is the principle and finished product diagram
of DLP 3D laser forming technology.

2.2.3. SLA Light-Curing Three-Dimensional Molding. The
SLA process can be said to be the earliest 3D printing pro-
cess in the world, and at the same time, it is also the world’s
first printer to use process. The principle is to focus the laser
with specific wavelength and intensity on the surface of the
light-curing material, make it solidify from point to line
and from line to surface, complete the drawing of a horizon-
tal section, and then move the height of one layer in the ver-
tical direction, continue to solidify the next layer, and stack
layer by layer to form a three-dimensional real object. SLA
technology mainly includes operations such as the initial
construction of a three-dimensional model, the processing
of sample data, the curing of photosensitive resin materials,
and the post-processing of samples. And this operation uses
ultraviolet laser; most of the raw materials are photosensitive
resin [27]. The laser head is focused on the surface of the
light-hardening material, and under the control of the com-
puter, e movement of the slide, the workbench only reduces

3D model

Reverse
engineering

3D products

Rapid manufacturing

Quick layering

Data conversion

Concept design

Figure 2: 3D printing process.
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the thickness of the layer, and the other layer of liquid resin
is covered on the hardened layer, and then this layer is cov-
ered. Before the establishment of a complete three-
dimensional entity, these operations will continue to be
repeated [28, 29]. Figure 4 shows the SLA light-curing
three-dimensional molding technology and its finished
products.

2.2.4. SLS Selective Laser Sintering. SLS technology mainly
uses infrared lasers for product production. The raw mate-
rials of its products are generally plastic, wax, ceramics,
metal powder, etc. SLS uses the principle of sintering powder
materials under laser, computer control, and layer-by-layer
sintering to make products [30]. First, unfold the powder
layer, wipe it with a scraper, and then heat the material to

NEMA 23
stepper motor Platform and velmex X side

DLP
Processor
Interface
Motor control
Other
Non TI devices

PC

Object cross sections and
printing parameters

DRV8825
controller

DLPC350
controller

Layers of solidified resin

DLP light crafter 4500

20⁎4 char
LCD screen

Figure 3: DLP3D laser forming technology.

5Mobile Information Systems



near the melting point of the material, and then use an infra-
red laser to selectively scan and sinter the layer so that the
temperature of the powder reaches its melting point and
melts. After forming a layer, lower the table at the height
of the layer thickness, the powder is diffused and sintered
until the three-dimensional product is formed [31, 32].
Figure 5 shows the principle of SLA selective laser sintering
technology and its finished product.

2.2.5. FDM Fused Deposition Molding. FDM technology
mainly includes three-dimensional modeling, data process-
ing, heating materials, melting molding, and post-
processing. The technical principle is to heat the filament-
like material (paraffin, metal, plastic, low melting point alloy
wire) and dissolve it from the nozzle. There is a thin nozzle
at one end of the nozzle to squeeze the material with a cer-
tain pressure. Under the control of the computer, the molten
material will be spread on the workbench and will form a
product layer after cooling. The nozzle rises to the height
of the layer thickness and continues to melt and deposit
[33]. Open before finishing. Finally, take out the product,
remove the support, and perform post-processing. To put
it simply and clearly, FDM technology is as simple as spin-
ning and squeezing toothpaste, and the price is relatively
cheap. Because most of the technical systems are desktop
level 3D printing equipment, and the raw materials used
are polylactic acid (PLA), so the equipment cost and mate-

rial price are relatively low, and there is no use of vulnerable
parts such as laser galvanometer, so the operation and main-
tenance cost of this technology is low; almost all desktop
printers on the market use this program, and it is the man-
ufacturer’s favorite [34, 35]. At the same time, this technol-
ogy also has the advantages of simple operation, fast
molding speed, good material properties, and simple post-
processing. Therefore, FDM is also widely used in orthope-
dics, maxillofacial surgery, and other related medical fields.
Figure 6 shows the principle of FDM fused deposition mold-
ing technology and its finished product diagram.

UV laser Lifts

Liquid level

Molding
work

Photo
sensitive

resin

Scraper

Figure 4: SLA light-curing three-dimensional molding technology.

Laser Scanning
mirror

Powder
Work
bench

Balance roll
Laser beam

Figure 5: SLS selective laser sintering technology.

Material wire

Active shaftDriven shaft

Guide
sleeve

Sprinkler

Figure 6: FDM fused deposition molding.
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2.2.6. Related Algorithms in DLP3D Technology

(1) Hierarchical Algorithm. When introducing the layering
algorithm, it is necessary to understand the related content
of the continuity of the triangle itself between the triangle
faces in the DLP file.

In terms of geometry, the triangle itself is a relatively spe-
cial figure, with the characteristics of regional continuity,
scan line continuity, and edge continuity [36]. The triangle
itself is a single convex area of the plane, and there is no need
to prove the continuity of the area. The continuity of the
scan line means that when the scan line intersects the trian-
gle patch, the intersection line must be formed by the inter-
section of the scan line and the line connecting the two sides
of the triangle [37, 38]. The continuity of the side can be
expressed by the progressive formula of the line segment
intercepted by the two sub-levels intersecting the triangle.
For example, the vertex coordinates of the triangle are Q1
(a1, b1, c1), Q2 (a2, b2, c2), and Q3 (a3, b3, c3). The inter-
section of the current sub-level height G = c½i� and the coor-
dinate Q1Q2 side is (a½i�, b½i�). After adding the layer
thickness to the sub layer, the height of the current layer is
G = c ½i + 1�, and the obtained cross coordinate is ða½i + 1, b½
i + 1�Þ.

The interval Δ between the layers is determined as P, and
the coordinates of the intersection points of similar layers
can be obtained by the delamination algorithm based on
the triangle continuity. If they are on the same side, there
is a gradual formula.

Aa = a1 − a2ð Þ/ c1 − c2ð Þ
Ab = b1 − b2ð Þ/ c1 − c2ð Þ

,
(

ð1Þ

where Aa and Ab are proportional coefficients, then

a i½ � = a1 + Aa c1 − c i½ �ð Þ,
b i½ � = b1 + Ab c1 − c i½ �ð Þ,

a i + 1½ � = a1 + Aa c1 − c i + 1½ �ð Þ,
b i + 1½ � = b1 + Ab c1 − c i + 1½ �ð Þ:

ð2Þ

From the above formula

a i + 1½ � = a i½ � + Δa, Δa = a1 − a2ð ÞΔc/ c1 − c2ð Þ,
b i + 1½ � = b i½ � + Δb, Δb = b1 − b2ð ÞΔc/ c1 − c2ð Þ:

ð3Þ

Both Δa and Δ are constants determined by Δc. When
one side of the triangle crosses the T slice, the coordinates
of the T cross only need to be multiplied and divided twice,
and 2T needs to be added. All cross-node problems will be
resolved.

(2) Equidistant Offset Algorithm. The image processing pro-
cess mainly includes image input, feature analysis, image
preprocessing, feature extraction, and result output. There
are five steps. Figure 7 is the image processing flow chart.

This section mainly introduces several digital image pro-
cessing methods, such as Sobel edge detection and Gaussian
smoothing filter.

(1) Sobel edge detection

The edge of the image is an important part of the image
information that contains internal information such as out-
line, direction, and sudden changes. Image segmentation,
classification, and pattern recognition are the basic opera-
tions that often use edge detection. When an image acquisi-
tion device is used to acquire an image, the acquired image
contains a lot of high-frequency noise caused by factors such
as ambient light, thermal noise of image elements, and elec-
tromagnetic interference. Therefore, in order to improve the
accuracy of classification or recognition, the original image
must be processed before classification or recognition. Using
edge detection algorithms with excellent performance can
effectively remove noise and improve the accuracy and sta-
bility of post-processing. The Sobel operator uses a convolu-
tion template to perform a convolution operation on the
image of the processing object to achieve the effect of edge
detection. The two 3∗3 convolution templates used by this
operator are shown below.

Sq =
−1 0 1
−2 0 2
−3 0 3

0
BB@

1
CCA,

So =
1 2 1
0 0 0
−1 −2 −1

0
BB@

1
CCA:

ð4Þ

In the image to be processed, the central pixel value is
recorded as Gða, bÞ, and the function matrix around 3∗3 is
shown below.

G a − 1, b − 1ð Þ G a − 1, bð Þ G a − 1, y + 1ð Þ
G a, b − 1ð Þ G a, bð Þ G a, b + 1ð Þ

G a + 1, b − 1ð Þ G a + 1, bð Þ G a + 1, b + 1ð Þ

0
BB@

1
CCA: ð5Þ

Use the two convolution templates of the Sobel operator
to calculate the dominant function near the center pixel
3∗3 in the horizontal and vertical directions, calculated
as follows.

Image input
Image preprocessing Image classificationImage feature

extraction
Result

Figure 7: Image processing flowchart.
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Sq =
∂G
∂a

= G a − 1, b + 1ð Þ + 2G a, b + 1ð Þ + G a − 1, b − 1ð Þ½
+G a + 1, b + 1ð Þ� − G a − 1, b − 1ð Þ + 2G a, b − 1ð Þ½
+G a + 1, b − 1ð Þ�,

So =
∂G
∂b

= G a + 1, b − 1ð Þ + 2G a + 1, bð Þ +G a + 1, b + 1ð Þ½ �
− G a − 1, b − 1ð Þ + 2G a − 1, bð Þ + G a − 1, b + 1ð Þ½ �:

ð6Þ

According to the principle of absolute value addition,
the approximate gradient value of the center pixel can be
obtained from the first derivative in the horizontal and
vertical directions, calculated as follows.

F a, bð Þ =
ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
F2
a + F2

b

q
≈ Faj j + Fbj j: ð7Þ

The Sobel operator is widely used in digital image pro-
cessing through its obvious effects and simple calculations.

(2) Expansion and corrosion

As the two functional units of digital image morphology
processing, it can combine expansion and erosion to form an
open operation [39]. Through advanced functions such as
closed-circuit calculation, it can further form digital image
morphology processing algorithms such as fill-in, sparse,
and coarse. The formulas for the expansion operation and
the corrosion operation are as follows.

M ⊕N = max
x,yð Þ∈N

Mm+x,n+y
� �

,

MΘN = min
x,yð Þ∈N

Mm+x,n+y
� �

:
ð8Þ

It can be seen from the above formula that the effect of
expansion is to strengthen the area of bright colors, and
the effect of corrosion is to strengthen the range of dark
colors. For the same image, the order of enlargement and
erosion and the number of calculations are different, and dif-
ferent calculation results can be obtained.

(3) Gaussian smoothing filter

Gaussian blur is also called Gaussian smoothing. It is a
very effective low-pass filter and is widely and effectively
used in the field of digital image processing. The two-
dimensional Gaussian smoothing filter is one of the fre-
quently used operations in digital image processing, and its
formula is as follows.

T a, bð Þ = 1
2πα2 p

− a2+b2ð Þ/2α2 : ð9Þ

Among them, α is the standard deviation, a and b are
Cartesian coordinates, and the size of the standard deviation
determines the smoothness of the image processing result. In
order to improve the calculation performance, the filter

parameters are usually calculated in advance. The generally
used 5∗5 integer template is as follows.

1
273 ∗

1
4
7
4
1

4 7 4 1
16 26 16 4
26 41 26 7
16 26 16 4
4 7 4 1

��������������

0
BBBBBBBB@

1
CCCCCCCCA
: ð10Þ

(3) Contour Offset Algorithm. The offset of the contour is
actually the parallel offset of the inner and outer contours
of the model along different directions. The key question is
how to realize the offset of the inner and outer contours to
generate scan lines, so that the 3D printer can be manufac-
tured quickly. In 3D printing, because the contour of each
layer of the model is obtained by intersecting the plane with
the model, that is, the contour of each layer is composed of
multiple line segments [40]. Therefore, two situations occur
when the contour is offset, self-intersection, and breakpoint.
After the offset, the limits are not connected together. This
situation is caused by the unevenness of the multi-line
segments.

For the judgment of the unevenness of the polygon, the
outer contour is selected as the counterclockwise direction
and defined as the positive direction, and then the uneven-
ness of the two adjacent lines is judged. Take any two vectors
ti
!

and ti+1
�!

as an example. Assuming that the vectors ti
!

and

ti+1
�!

are two adjacent vectors and connected in the positive
direction, this paper uses the following formula to judge
the unevenness of the connection based on the cross product
of the two quantities:

ti
!∗ ti+1

�! =
mi ni

mi+1 ni+1

�����
����� =mi ∗ ni+1 −mi+1 ∗ ni: ð11Þ

The geometric meaning of the cross product, when the
outer contour is positive in the counterclockwise direction,
if ti
!∗ti+1

�!>0, the connection is a convex vertex; otherwise,
it is a concave vertex. Because self-intersection and break-
points are generated because of the offset of the line segment,
the straight line offset method used in this article is an algo-
rithm to find the coordinates of the second point after the
offset is based on the three known points. The line segment
M1M2 is shown in Figure 8.

SupposeM5 (xn, yn),M8 (xm,ym), and put the coordinates
into the following formula:

M1M2
���! ∗M1M5

���! = 0
M1M5j j =D

(
,

y = x2 − x1ð Þ xn − x1ð Þ + y2 − y1ð Þ yn − y1ð Þ = 0
xn − x1ð Þ2 + yn − y1ð Þ2 =D2

(
:

ð12Þ
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Regardless of self-intersection or breakpoint, the inter-
section of the two line segments after offset can be obtained
by calculating the intersection of the two line segments after
offset. The straight line where the line segments M5M8 and
M6M7 are can be obtained as:

y = ym − ynð Þ
xm − xnð Þ ∗ x + xmyn − xnymð Þ

xm − xnð Þ

y = ym+1 − ymð Þ
xm+1 − xmð Þ ∗ x + xm+1ym − xmym+1ð Þ

xm+1 − xmð Þ

8>>><
>>>: : ð13Þ

In this way, the cheap intersection coordinates can be
obtained, and the coordinates of each intersection can be
obtained in turn according to the contour, and then con-
nected to obtain the offset contour.

2.3. Precision Manufacturing. Precision manufacturing
mainly includes precision and ultra-precision processing
technology and manufacturing automation. The former pur-
sues the boundaries of processing accuracy and surface qual-
ity, and the latter includes the automation of product design,
manufacturing, and management. It is not only a quick
response to market demand, but also an important means to
increase productivity and improve working conditions, as well
as an effective means to ensure product quality. These two are
closely related. Many precision and ultra-precision machining
rely on automation technology. To achieve the desired goal,
many manufacturing automations rely on precision machin-
ing functions. Realize it correctly and surely. No matter which
one plays an overall and decisive role, it is the backbone of
advancedmanufacturing technology. In the domestic automa-
tion and precision industry manufacturing, aerospace compa-
nies use the most in automation and precision manufacturing,
and their requirements are more stringent.

3. Application Experiment of DLP3D Printing
Based on Embedded Microprocessor on
Automated Precision Manufacturing

3.1. Manufacturing and Processing of DLP3D Printing
Patterns. This experiment printed circular gears. There are
3 steps to print the shape of a circular gear. Preheat first.
The printed sample needs to be melted at high temperature.
In order to improve the sintering quality and efficiency, the
3D printing device must reach a certain temperature before
the formal printing. Therefore, the 3D printing device needs
to be warmed up in advance. Next, enter the project data.
After warming up, input the circular gear-shaped data file
into the computer to adjust the printing ratio and configura-
tion position. After setting all the parameters, the 3D print-
ing device will automatically calculate the amount of printed
matter and the required printing time. Finally, the 3D
printer operates according to the parameters of the system
process and prints the sintered deposits layer by layer until
the entire printing process is completed.

3.2. Post-Processing of DLP3D Printing Appearance. The
wheel hub pattern taken out from the 3D printing equip-
ment is wrapped in paraffin, and the paraffin needs to be
cleaned to expose the parts. Some molded parts need to be
post-cured to repair loopholes and defects. If the precision
of the molded parts is higher, the surface of the molded part
needs to be polished and polished. These processes are col-
lectively referred to as post-treatment. Part cleaning refers
to the process of peeling the supports and attachments on
the printed part from the part to expose the true shape of
the printed part. The cleaning process of the parts is a metic-
ulous and complicated work. If the operation is improper,
the parts will be deformed, which will affect the quality of
the parts. Table 1 is the parameter table of commonly used
ultrasonic cleaning equipment.

M

M7
M8

M

f

M5

M3

M6

Intersection_
N

Figure 8: Line segment after offset.
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3.3. DLP3D Printing Appearance Inspection. In this experi-
ment, an optical CMM3D scanner was used to scan the
shape of the tooth model, and the Germanic Control soft-
ware was used to compare the scanned image with the orig-
inal image file to obtain the test data, and then use the three-
coordinate measuring instrument to compare the shape and
position tolerances of the wheel shape. Items are measured.

The three-dimensional overall measurement results are
shown in Table 2 and Table 3, respectively, the deviation
value distribution table and the standard deviation value dis-
tribution table.

The measurement and results of points taken on the
three-dimensional surface are shown in Table 4:

3.4. Application of DLP3D Printing in Automated Precision
Manufacturing. As one of the high-end printing technolo-
gies, DLP 3D printing technology has attracted the attention

of various companies. At the same time, companies are com-
peting with each other in order to seize the market. DLP3S
printing technology has gradually developed and developed,
and industrial and desktop products have begun to appear.
The molding rate and molding accuracy of 3D printing have
been greatly improved. Based on its core technology DMD
chip, DLP has developed from the initial projector to the
3D printing field, and realized the rubber processing of pho-
tosensitive resin, which has attracted the attention of many
companies and manufacturers. According to recent overseas
research, 3D printing time has been shortened by dozens of
times, which really opened the door to the development of
DLP 3D printing technology. It is worth mentioning that
the application of DLP 3D printing has gradually transi-
tioned from prototype to direct manufacturing. According
to the statistics of the world’s DLP 3D technology service
providers and DLP 3D system manufacturers, the propor-
tion of direct manufacturing of high-end precision parts
printed by DLP 3D in operating profits has increased year
by year. Table 5 shows the application and development of
automated high-end precision manufacturing DLP 3D tech-
nology in recent years.

4. Application Analysis of DLP3D Printing
Based on Embedded Microprocessor on
Automated Precision Manufacturing

4.1. Inspection Results of DLP3D Printing Patterns. Through
the experiments in this article, three-dimensional inspec-
tions have been carried out on the patterns printed by
DLP3D printing technology. According to the test results,

Table 1: Commonly used ultrasonic cleaning machine parameters.

Ultrasonic frequency 42000HZ Voltage frequency 220-240V 50-60Hz

Ultrasonic power 70W Heating power 50W

Capacity 3 L Time control 2-30 minutes adjustable

Table 2: Distribution of deviation values.

>=Min <Max #point %

-0.2000 -0.1667 190 0.3284

-0.1667 -0.1333 649 1.1218

-0.1333 -0.1000 1671 2.8883

-0.1000 -0.0667 2903 5.0177

-0.0667 -0.0333 5109 8.8307

-0.0333 0.0000 9788 16.9182

0.0000 0.0333 10955 18.9353

0.0333 0.0667 9165 15.8413

0.0667 0.1000 7373 12.7439

0.1000 0.1333 5408 9.3475

0.1333 0.1667 2611 4.5130

0.1667 0.2000 942 1.6282

Table 3: Standard deviation value distribution table.

Distribution (+/-) #point %

-6∗standard deviation 10 0.0173

-5∗standard deviation 9 0.0156

-4∗standard deviation 77 0.1331

-3∗standard deviation 949 1.6403

-2∗standard deviation 6527 11.2817

-1∗standard deviation 22559 38.9923

1∗standard deviation 19611 33.8968

2∗standard deviation 6923 11.9661

3∗standard deviation 861 1.4882

4∗standard deviation 191 0.3301

5∗standard deviation 89 0.1538

6∗standard deviation 49 0.0847

Table 4: Numerical table of the deviation distribution of the
selected points.

Distribution (+/-) #point %

-7∗standard deviation 0 0

-3∗standard deviation 361 26.2

-1∗standard deviation 256 20.3

1∗standard deviation 459 36.8

3∗standard deviation 36 5.6

7∗standard deviation 0 0

Table 5: DLP 3D technology development.

Parts Overall equipment Proportion of production value

2015 7% 12.2% 8.1%

2016 9.8% 13.2% 12.5%

2017 12.6% 15.7% 16.8%

2018 20.8% 16.9% 25.3%
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the tooth pattern data statistics under DLP3D printing tech-
nology can be obtained, as shown in Figure 9.

It can be seen from Figure 9 that the deviation of the
three-dimensional overall is between -0.0667 and 0.0667,
which accounts for the largest proportion, with a total pro-
portion of more than 60%. From the point of view of the
numerical deviation of the points on the three-dimensional
surface, the deviation value between -2 and 2 accounts for
the largest proportion, reaching more than 75%. Generally
speaking, the deviation of three-dimensional numerical

measurement results is much smaller than that of traditional
construction methods.

4.2. Application Analysis of DLP3D Printing in Automated
Precision Manufacturing. According to the investigation
and research on DLP3D printing technology, we have
obtained the output value growth of 3D printing technology
in recent years and the global annual output value of DLP3D
printing technology in recent years (100 million U.S. dol-
lars), as shown in Figure 10.
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Figure 9: Three-dimensional data statistics.
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Figure 10: Development and changes of 3D printing and related technologies in recent years.
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According to Figure 10, we can conclude that the devel-
opment of 3D printing technology has become faster and
faster in recent years, and the annual output value has
reached an increase of more than 20%. With the develop-
ment of 3D printing technology, the development of DLP3D
printing technology is also rapid, especially in 2018-2019;
the output value has increased by more than 25%.

According to Table 5, a picture of the application of
DLP3D printing technology in high-precision automation
and other industries can be drawn, as shown in Figure 11.

According to Figure 11, we know that the output value of
DLP3D printing technology in the automation and high-
density industry has increased year by year in recent years,
and in the field of DLP3D printing applications, high-end
technology and medical applications are used more, and
both accounted for 10%.

4.3. Application Analysis of DLP3D Printing Technology in
Automated Precision Manufacturing. Through the investiga-
tion of DLP3D printing technology in automated precision
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Figure 11: The recent development of DLP3D printing technology.

0.0128
0.01

0.003

0.0392

0.0452

0.0251

0.0321

0.0415

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

0.045

0.05

Actual deviation (mm)

Actual deviation (mm)

0.08156

0.0561

0.2561

0.03692
0.0562

0.0251
0.0365

0.02156

0

0.05

0.1

0.15

0.2

0.25

0.3
Actual deviation (mm)

0.01280
0.01

0.003

0.0392

0.0251

0.0321

0.0415

Actual deviation (mm)

0.08156

0.0561

0.2561

0.03692
0.0562

0.0251
0.0365

0.021

0

0.05

0.1

0.15

0.2

0.25

Actual deviation (mm)Circ
le 1

 diam
ete

r

Circ
le 2

 diam
ete

r

Circ
le 3

 diam
ete

r

Circ
le 4

 diam
ete

r

Circ
le 5

 diam
ete

r

Circ
le 6

 diam
ete

r

Circ
le 7

 diam
ete

r

Circ
le 8

 diam
ete

r

Polar
 an

gle
 1

Polar
 an

gle
 2

Polar
 an

gle
 3

Polar
 an

gle
 4

Polar
 an

gle
 5

Polar
 an

gle
 6

Polar
 an

gle
 7

Polar
 an

gle
 8

Figure 12: DLP3D printing sample deviation value.
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manufacturing, the automated precision products printed by
DLP3D were measured, and the measurement results are
shown in Figure 12.

According to Figure 12, it can be concluded that the
deviation value of the material printed by DLP3D based on
the embedded microprocessor is generally between 0.01
and 0.1, which is 15.6% lower than that of the material
printed by other technologies.

5. Conclusions

This chapter describes in detail the more common 3D print-
ing technologies and their classifications, combined with the
existing equipment conditions to print the tooth model of
this experiment, and introduces in detail some common
algorithms in 3D printing technology; in addition, in the
experiment of this article, the samples printed by DLP3D
printing technology were analyzed in detail, and finally came
to the conclusion of this article: the deviation value of the
material and the material of DLP3D printing based on
embedded microprocessor is significantly lower than that
of other technology printing, which is 15.6%.
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